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: Reaction 1, 2 and 3 should read reaction 3, 4 and 5. 
: S2CNNMe2 should read SC(S)NMe2. 
: Ph-CSjK.dioxane should read PhjPCS^K.dioxane. 
: For VA, 2J(P,-P,) , should read 2J(P,-P,) 
3 J els l 3 CIS 
: (PhjP) jRhOjCORMPPhjlj should read (PhjP) jRhOjCORh (PPhj) j. 
: RhClfH -SCNMe2)2(PPh.,)2 should read (RhCl (T|2-SCNMe2) (PPh3) . 
: v(Ir-H) for III(BF4") is not 1922 cm"
1
 but 1992 cm"1. 
: CHjCl, should read CHClj. 
: [Irli! -SCNMe2)2(CO) (PPh3)2]
+Cl" should read [ir (·η2-50ΝΜβ2) 2 (CO) (PPhj) ]+Cl" 
: RhBr(PPh3)2 should read RhBrfPPhjlj. 
: MCKCO) (PPh 3) 3 should read MCI (CO) (PPhj) 2. 
: - 1 7 6 Ь , s h o u l d r e a d - 1 7 6 f ) . 
; c i s-RhXY[sc(S)NMe 2 ] s h o u l d r e a d c i s - R h X ï [ S C ( S ) N M e 2 ] ( P P h 3 ) 2 
: [Me2NC(£7sc7s)NMe2]+ s h o u l d r e a d [MejNC(S)SC(S)NMe2]2 + 
: RhCl(?i2-SCNMe2)2(PPh3) 2 should read RhCl (•n2-SCNMe2) 2 (PPhj) . 
: (Ph3P),Rh[Ph2(0)- moet zijn (PhjP)2Rh[Ph,P(О)-. 
: RhCKi) -SCNMe2)2(PPh3) 2 moet гі]п RhCl (-η -SCNMe j) 2 (PPh3) . 
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G E N E R A L I N T R O D U C T I O N 
BIPHILIC BEHAVIOUR OF TRANSITION METALS AND OXIDATIVE ADDITION. 
Metals cations are customarily regarded as acids, accepting the electron 
pairs of the coordinating ligands. However, there are many complexes of metals 
in low oxidation states which can be considered as electron-pair donors. Tran­
sition metals as bases in the Lowry Br^nsted definition are known since long, 
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Behaviour of transition metals as bases according to the Lewis defini­








0r- с „о 





Cl Θ Reaction 2 
In both cases (reaction 1 and reaction 2) transfer of electron density occurs 
from relatively high-lying filled orbitals of the metal base (electron donor, 
nucleophile) to relatively low-lying empty orbitals of the acid (electron ac­
ceptor, electrophile) which is reflected in an increase of the C-0 stretching 
frequencies of the attached carbonyl groups. The formal oxidation state of Mn 
has increased from -1 to +1 and the acid-base reaction can also be called an 
oxidation of the metal centre. 
In contrast to the metal carbonyl anions discussed above, in which the 
metal has a filled 18 electron valence shell, a number of low valent metal com­
plexes are known,in which the central metal ion has an incompletely filled va­
lence shell of 16 or 14 electrons. The presence of filled as well as empty or-
1 
bitals can provoke biphilic behaviour towards suitable reagents. 
Pph3 
H~CL ^ Ν / ^ 
ψ |r Reaction 1 
C l ' I 4CL 
Phj 
Ъ I 
' / / CI-CI с ч і ^ с і 
Ir / υι u i ^ ^ Reaction 2 
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Cl^l с н 2 
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Ph3 
The reaction of IrCl(CO)(PPh )„ with Cl can be seen as involving both dona­
te 
tion of electron density to the σ Μ.О. and acceptance of electron density 
from the σ M.O. of the Cl-Cl bond. In case of HC^the σ Μ.О. will have mainly 
chlorine character and the σ M.O. will have mainly hydrogen character, so the 
reaction can be seen as donation of electron density to Η and acceptance of 
electron density from Cl . Similarly the addition of ethylene can be considered 
as electron donation to the empty π orbital and electron acceptance from the 
filled π orbital of the ethylene with breaking of the ir-bond as the overall ef­
fect. This behaviour of the metal is reminiscent to the behaviour of singlet 
carbene, which also has a filled and unfilled orbital on the central carbon 
atom: 
H 2 M 
С С 2 






 н 2 
2 
In the additions of the general type 
LnM LnM' 
В 
the ratio of electron donation and acceptance by the metal is dependent on 
the electronegativity of A and B, but formally the electron pairs in the M-A 
and the M-B bond are thought to belong to the ligands, which implies a two-
electron oxidation of the metal and the additions are called therefore "oxida­
tive additions" [3,4] . Although this is in general a useful concept, the as­
signed formal oxidation state is, especially in case of oxidative addition of 
7r-bonds, like m О , С H , C.H etc, a subject of continuing discussion [5,6,7]. 
In this thesis, new examples of oxidative addition to Rh , Ir and Pt 
are presented, which involve breaking of the polar ^ N-H (Chapter I), ^C-Cl 
(Chapter III and IV), ^ C-S- and ^ C-N- (Chapter IV) bonds and apolar -S-S-
bonds (Chapter V). The reactions 6 and 7 illustrate how oxidative addition of 
a .^C-S and a ^ N-H bond have been used by us in the synthesis of metal complexes 
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In these reactions, as in a large number of other reactions performed by из, 
the atoms A and В of the Α-B bond, which is broken in the oxidative addition, 
are introduced in the coordination sphere of the metal as a first step. 
In a second step, donor atoms, like S in ^ C=S or Ρ in -Ph-P, which belong to the 
molecular fragments attached to A and/or B, displace some of the original li-
gands (PPhu, CI , CO) and chelation occurs. Sometimes even displacement of one 
of the atoms A and B,introduced in the first step,seems to take place (reaction 
7). 
Using these new synthetic routes, we have prepared a number of new and 
interesting complexes containing unsaturated thio-ligands and elucidated their 
structure by I.R., 
structure analysis. 
1 3 1 1 
structure by I.R., Η N.M.R. and p{ H} N.M.R. spectroscopy and X-ray crystal 
THE UNSATURATED THIO-LIGANDS 
Transition metal dithiocarbamato complexes have been studied for many 
years. These compounds, in which the ligand is generally coordinating via two 
Ξ atoms, have interesting properties, the most fascinating being stabilization 
of metals in a high oxidation state [θ]. In this thesis, dithiocarbamate, 
SC(S)NMe is presented as a member of a class of unsaturated thio-ligands (L-L1), 
as shown in Figure 1. They all can be considered to be derived from the 
Me,Ñ 
C-N 
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dithiocarbamate ion (3). As will be shown, in the prepared Rh, Ir and Pt com-
4 
plexes of the ligands 2-6, (S,Ξ), (S,S), (S,NPh), (S, PPh ) and (S,PPh ) co­
ordination occurs, respectively, to give a four-membered metal-chelate-nng. 
For 7, (S,0)-coordination is observed giving a five-membered metal-chelate ring 
and for 1, (S,S)-coordination giving a six-membered chelate ring. 
In Chapter I the preparation and properties of Rh(I) and Pt(II) complexes 
with some of the ligands L-L' are described, and in Chapter II the oxidative 
addition to these complexes of О and H is reported. 
The thiocarboxamide group,SCNR is closely related to the dithiocarbamato 
group SC(S)NR . In fact one of the first reported SCNR complexes was formed in 
a proces, which can be described as oxidative addition of the S-C(S)NR group 
to a Mo atom, yielding a (sulfide)(thiocarboxamido) complex [9]. We have syn­
thesized a number of new Rh, Ir and Pt complexes of SCNMe ,via oxidative addition 
I I о 
of Me NC(S)-X (X = CI, SR, SC(S)NMe and PhNC(S)NMe ) to Rh , Ir and Pt phos-
phine complexes. Among these are the first examples of complexes containing two 
SCNR_ ligands attached to a single metal atom. The molecular structures of three 
of the newly prepared compounds were determined by X-ray crystal structure analysis. 
They are examples of side-on coordinated SCNMe , similar to side-on coordinated 
aliene and pseudo-allenes (CS , SCNR) (Fig.2:a) 























HoweverjWe have also prepared compounds with monodentate and with bridging 
SCNMe groups (Fig.2:b and c). Quite unexpected, the SCNMe complexes are rather 
stable. Only m a few cases a reaction of SCNMe with a co-ligand X could be 
observed, yielding Me NC(S)X in a reductive elimination process. The synthesis 
and the reactions of the SCNMe complexes are described in the Chapters III and 
IV. 
The insertion of Rh(I) and Pt(II) into the S-S bond of some unsaturated 
five-membered cyclic disulfides gives Rh(III) and Pt(II) complexes with six-
membered metal-chelate rings containing the Ξ,S-coordinating thio-ligands shown 
5 
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C H A P T E R I 
Rh(I) PH05PHINE COMPLEXES WITH BIDENTATE UNSATURATED THIO-LIGANDS 
PART I. SYNTHESIS AND CHARACTERIZATION. 
A.W. Gal, J.W. Gosselink and F.A. Vollenbroek 
WMMARY 
The Rh(I) complexes (Ph P) Rh(L-L'), in which L-L' is an unsaturated 
chelate coordinating via L = S and L' = Ν, Ο, Ρ or S, have been prepared from 
RhCl (PPh ) by two routes. 
Direct substitution of one Ph Ρ and one CI by the chelate anion gives 
(Ph P) Rh[ph PC(S)s] (L = Ξ, L' = P). Oxidative addition of a N-H bond, fol­
lowed by reductive elimination of HCl, results in (Ph P) Rh[Me2NC (S) NC (SJNt^] 
(L = S,!/ = S) , (Ph P) Rh[phNC(S)NMe ] (L = S, L' = N) , (Ph P) Rh[ph PC(S)NPh] 
(L = S, L' = P) and (Ph P) Ph [ph P(0)C(S)NPh] (L = S, L' = 0). 
Reaction of the complexes (Ph P) Rh(L-L') with CO gives (CO)(Ph P)Rh-
(L-L') with CO trans to the chelate donor atom with the lowest trans-influence. 
Pt(PPh ) reacts with Me NC (S)N(H)C(S)NMe and HN(Ph)С(Ξ)PPh to give H(Ph P)-
Pt[Me NC(S)NC(S)NMe 1 (L = S, L' = S) and Η (Ph P) Pt [ph PC (Ξ) NPh] (L = Ξ, L'= P), 
respectively. 
The coordinating atoms and their configurations have been assigned by 
I.R., Ρ N.M.R. and Η M.M.R. Some trends in I.R. and Ρ N.M.R. parameters 
are discussed. 
IJTHODUCIION 
We are interested in the variation of chemical and spectroscopic prop­
erties of the Rh(I) complexes (Ph P) Rh(L-L') as a function of the unsaturated 
chelate (L-L'). Therefore,we synthesized a number of these complexes contain­
ing the formally uninegative ligands shown in Figure 1. They all can be con-
J. Organometal. Chem., submitted for publication 
7 
sideree! to be derived from the dithiocarbamate ion II, for which S,S-coordina-
tion in A(Ph P)Rh[sC(S)NMe.] (A = Ph Ρ or CO) already has been reported [ij. 
Me2Ñ Ph Ph ^ h 
4 C - Ñ S N S Ν Ν 
/ ·\ \ Λ - "Ν - \ - ^ 4 » 
S Θ ; C-ÑMe, Θ C-NMe2 Θ C-NMe2 0 C - P P h 2 Θ C-PPh2 ' С - Р Р Ь 2 / 
S 
-2
 V . . - 2 ^ - > 2 -j t j t ^ 
(II) (III) (IV) (V) (VI) 
Figure 1: The unsaturated chelates used in thbs paper. I = Ν,ΝιΝ',Ν'-tetra-
methyldbthíobíuretato; li - N^N-dimethyldithiocarbamato; III = N3N-dímethyl-
N'-phenyl-thioureido; IV - P,P-dbphenylphosphinodithioformato; V = Ρ,Ρ-άί-
phenyl-N-phenylphosphinoihioformamido; VI = P,P-diphenyl-N-phenyl-phosphinyl-
thioformairtido. 
For the other ligands no Rh(I) complexes were known up to now. I is expected 
to coordinate via S,S in a six-membered chelate ring [4lJ. Ill has been found 
NPh,S-coordinated to Rh(III) [l3, 1б]. In view of the reported tendency of IV 
towards P,S-coordination ]η case of a "soft" metal centre [35], P,S-coordina-
tion is expected for IV and P,S- or P,NPh-coordination for V. For VI,the oxi­
dized form of V, S,NPh-coordination
r
as for III,in a four-membered chelate ring 
seems possible, but also S,0- or NPh,0-coordination in a five-membered chelate 
ring. The coordinating atoms L,!/ have been assigned in (Ph-jP) 2Rh (L-L1 ) 
and (CO)(Ph P)Rh(L-L'), which results from the reaction of (Ph P) Rh(L-L') 
with CO. The complexes Η(Ph P)Pt(L-L') with L-L' = I and Irrespectively.are 
also described. 
EXPERIMENTAL 
The reactions were performed at room temperature using Schlenk apparatus. 
to avoid confusion: except for I, the coordinating atoms or groups L and L' 
are placed in the formula right before and after the central carbon atom, where­
as the non-coordinating atom or group is in last position. 
θ 
Solutions for I.R. and N.M.R. measurements were prepared in a glove-box. H-
N.M.R. spectra were recorded on a Vanan T-60 and a Bruker WH-90-FT N.M.R. 
spectrometer. p{ н} N.M.R. spectra were recorded on a Vanan XL-100-FT 
at 40.5 MHz,using the deuterated solvent as internal lock. 
C, H and N analysis for the non-air sensitive complexes were performed 
at the microanalytical department of this university. Other elemental analysis 
and Mol.wt. determinations were carried out by Alfred Bernhardt, Microanalyti-
4ches Laboratorium, Elbach über Engelskirchen, W.-Germany. The analytical re-
sults are given m Table 1. The Mol. weight determinations of the air sensitive 
complexes (Ph P)^Rh(L-L') are probably less accurate. 
STARTING MATERIALS. 
NaS CNMe .2H O(II) (reagent grade) was obtained from Fluka. Me NC(S)Ν(H)C(S)-
NMe2 (I-H) [2], HN(Ph)C(S)NMe2 (III-H) [з], ΗΝ (Ph) C(S) PPh2 (V-H) [4], HN(Ph)-
C(S)P(0)Ph (VI-H) [5], RhCKPPh ) [б] and Pt(PPh ) [ 7 ] were prepared accord­
ing to literature procedures. RhCl(CO)(PPh ) was prepared from RhCl(PPh ) 
and CO. 
KS CPPh-.l dioxane (IV) was prepared by a modification of a published 
procedure [öl: The turbid red-brown THF solution,obtained by addition of KPPh 
to CS- in dry THF, was diluted with an equal volume of dry ether and left for 
two days. The very air sensitive yellow precipitate was centrifugea oft and 
the remaining solution evaporated in vacuo. On stirring the resulting red oil 
with dry 1,4-dioxane the orange-yellow KS_CPPh .1 dioxane precipitated. 
SYNTHESIS OF THE COMPLEXES (Ph P) Rh(L-L') 
A. Oxidative addition of a N-H bond (For codes see Fig.2) 
(Ph P) Rh[Me2NC(S)NC(S)NMe ] (IA). 
Addition of 0.4 mmol of I-H to a stirred solution of 0.4 mmol RhCl(PPh.) in 
10 ml. of benzene resulted in an orange solution and some orange precipitate. 
After 30 mm. a small excess of Et N was added, giving a red solution. Stirring 
At the concentrations indicated not all the RhCKPPh ) dissolved. 
о Table 1. Anaíytbcal values and molecular weights (theoretbaal values in parentheses) 
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' osmometncal ly under N2-a-tmosphere Ъ i n CgHg 0 m CH2CI 
was continued for 15 m m . and the precipitate of Et NHC1 was filtered off. Di­
lution with n-hexane and cooling gave orange-red crystals of ΙΑ. τ(NMe )(CD -
CI,) = 7.00(12)s . In a procedure analogous to that for IA the following com­
plexes were obtained: 
(Fh J>) „Hh [rhNC(S)NMe2]. CgHç (IIIA) . 
The red-orange solution from RhCKPPh ) and III-H changed to orange upon addi-
tion of Et N and orange crystals of IIIA were isolated, τ(NMe )(CD CI ) = 
7.48(6)s. The presence of С Η. was confirmed by the H N.M.R. spectrum. 
(Ph P) Rh [Ph „PC (S) NPh] (VA). 
The initial bright-red solution changed to orange-yellow upon addition of Et N 




'3 ' 2 
The initial dark-red solution changed to intense bright-red upon addition of 
Et N. VIA was obtained as red crystals. 
B. Substitution of CI and Ph Ρ (For codes see Гід.2) 
(Ph Ρ) jih\sC(S)tMe¿[ (IIA). 
The complex was prepared by a modification of a literature procedure [ij. 0.4 
mmol of II was added to a solution of 0.4 mmol RhCl(PPh ) in 20 ml of acetone 
and stirred for 45 min. The spontaneously formed precipitate was washed with 
water (removal of NaCl), ethanol and n-hexane. Prepared in this way, the com-
plex was analytical pure and did not need to be chromatographed as reported by 
O'Connor et al. [l]. τ(NMe )(CD CI ) = 6.90(6)s. 
(Ph /J) , ih [l'h
o
rC(S)s] (IVA) 
0.4 mmol of IV was stirred with 0.4 mmol RhCl(PPh ) in 15 ml. of dry acetone 
during 15 h. The resulting brick-red precipitate of IVA was washed with water, 
ethanol and n-hexane. 
All the complexes IA-VIA are moderately air sensitive in the solid state 
and very air sensitive in solution. 
Number of protons (from intensity ratio to Pn-resonances) between parentheses; 
s - singlet, br = broad. All τ-values in p.p.m. 
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SYNTHESIS OF THE COMPLEXES (CO)(Ph P)RhÎL-L') 
д. Oxidative addition of a N-H bond (For codes see Еід.З) 
(C0)(PhJ')Rh[Me2NC(S)NC(SÌNMe^\ (IB) 
0.2 mmol of I-H was added to a stirred solution of 0.2 mmol RhCl(CO)(PPh ) 
in 10 ml. of benzene. After 30 min, addition of a small excess of Et N result-
ed in the precipitation of Et NHC1. Filtration, dilution with n-hexane and 
cooling gave orange-yellow crystals of IB. τ(NMe )(CD CI ) = 6.87(12) s,br. 
(C0)(Ph P)Rh[Ph2PC(S)NPh] (VB) and (CO) (Ph^P)Rh[Ph2P(0)C(S)¡<IPh] (VIB) 
Were prepared similarly. RhCl(CO)(PPh ) failed to react with III-H in benzene 
in the presence of Et Ν, even under reflux. 
B. Substitution of Ph Ρ by CO (For codes see Fig. 2) 
(CO) (Ph t>)Rh\tte2NC(S)NC(S)NMe ] (IB) . 
CO was passed through a solution of 0.2 mmol of IA in 10 ml. of benzene. The 
solution turned orange-yellow in a few seconds. Dilution with n-hexane and 
cooling gave orange crystals of IB. τ(NMe )(CD CI ) = 6.87(12) s,br. 
(C0)(Ph¿P)Rh[PhNC(5)NMe?].C6H6 (HIB) (τ (NMe2) (CD2C12) =7.27(6) s) , (CO) (Ph Р)-
Rh[Ph2PC(S)s] (IVB), (C0)(Ph2P)Rh[ph2PC(S)NPh] (VB) and (CO) (Ph P)Rh[Ph2P(0)-
C(S)NPh] (VIB). 
Were prepared in an analogous procedure. HIB is very soluble in benzene and 
difficult to precipitate. The presence of C^H^ in HIB was confirmed by H-
6 b 
N.M.R. 
(C0)(Ph3P)Rh[sc(S)NMe2]. acetone (IIB). 
0.4 mmol of II and 0.4 mmol RhCKPPh ) were stirred in acetone. After 30 m m . 
NaCl was filtered off. On stirring for another 10 min., some orange precipitate 
of (Ph3P)2Rh[sC(S)NMe ] appeared. On passing through CO, the solution turned 
from orange to yellow and (Ph P) Rh[sc(S)NMe ] dissolved again. Concentration 
of the solution and addition of n-hexane gave a yellow precipitate of IIB. 
τ(NMe2)(CD2C12) = 6.70(3) s, 6.86(3) s. The presence of acetone was confirmed 
by Η N.M.R. In contrast with our results, O'Connor et al. [l] reported a brown 
colour for the same complex. 
Under atmospheric conditions in the solid state, the complexes IB-VIB 
are stable for days. No air sensitivity was found in solution. 
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SYNTHESIS OF THE COMPLEXES H(Ph P)Pt (L-L') (For codes see Fig.4) 
H(Ph3P)Pt [Me2NC(S)NC(S)NMe2] (VII). 
0.2 mmol Pt(PPh ) and 0.2 mmol of I-H were stirred in 20 ml. of benzene for 
24 hours. Addition of n-hexane to the pale-yellow solution resulted in a pale-
yellow precipitate of VII . T(NMe )(CD Cl ) = 6.68(6) s,br and 6.48(6) s. 
n(Ph3P)Pt[PhPC(S)NPh] (VIII) 
Was prepared similarly from V-H. 
Under the same conditions Pt(PPh ) did not react with III-H. 
Hl·SUITS AND DISCUSSION 
A. SYNTHETIC ROUTES: BREAKING OF THE N-H BOND 
Fig. 2,3 and 4 summarize the synthetic routes used for the Rh (I) and Pt(II) com­
plexes. In the reaction of I-H, III-H, V-Η and VI-H with RhCl(PPh ) , formal 
oxidative addition of the N-H bond to Rh(I) occurs. The initial change of colour 
upon interaction with the N-H containing molecules can be ascribed to the for­
mation of a hydridochlororhodium(III) complex, which undergoes reductive elim­
ination of HCl upon addition of Et N. If no Et N was added in the reaction of 
I-H with RhCl(PPh ) , a mixture of products was isolated(wnich displayed an ab-
-1 
sorption in the I.R. at 2132 cm (Csl), probably v(Rh-H). We did not attempt 
to isolate the intermediates for III-H, V-Η and VI-H. Whereas RhCl(PPh ) re­
acts with all N-H containing molecules, RhCl(CO) (PPh ) reacts with I-H, V-Η and 
VI-H, but not with III-H. Similarly PttPPh,),, reacts with I-H and V-Η and not 
*
 3 4 
with III-H . If HCl is passed through a solution of (CO)(PPh )Rh(L-L') with 
L-L' = I, III or ν,ιη the presence of one equivalent of PPh , RhCl(CO)(PPh ) 
(characterised by I.R.) precipitates immediately. This suggests a rapid equi­
librium as given by reaction (1): 
RhCl (CO) (PPh J „ (COXPh^P) RhHCL(L-L') (CO) (Ph?P)Rh(L-L ') 
+ 7 + 7 
L-I'-H (2-n)PPh2 +HCI + PPh, 
(L-L' = 1,111 or V) (n = 1 or 2) 
The reaction of VI-H with Pt(PPh,). has not been investigated yet. 
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Π jure ¿: Synthesis and structures of the Rh(I) roni'Lexes from RhCl(CO) (Ρυη
ν
) ,, 
(L indicates all Ligands except Ή and CI . 
the idea of intermediate formation of A(Ph^P) RhHCHL-L') (A = CO, Ph_,P) is 
i n j 
found in the reactions of Pt(PPh ) with I-H and V-Η to give the hydndo Pt(II) 
complexes VII and VIII (Fig. 4). In both reactions the reaction mechanism must 
NMe. 
S=C 


















Figure 4: Synthesis and structures of the Pt(II) complexes 
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be rather complicated, because, after the initial oxidative addition of the 
N-H bond, substitution of PPh and rearrangement to S,S-coordination for VII 
and P,S - coordination for VIII have to occur as is visualised for VIII: 
Ph Ph Ρh Ph 
Η Ν - - j D P h Η N P P h , . ρ ο κ Η Ρ 
•3'4 ' > P P h 2 
- 2 P P h 3 п ч ,ns.Srn2 -РРЬз •·, у ч 
P t ( P P h , ) A • V P P , ^ P t N у ^ Р 1 ч ^ > - N P h 
Ph,P Ρ S Ph3P S 
P h3 
Figure 5: Formation of H(Ph~P)Pt [Ph„PC(S)NPh]; possible reaction scheme 
Other examples of oxidative addition of N-H bonds to Pt(o) and Pd(o) have been 
reported. Oxidative addition of cyclic imides like succinimide to PtfPPh^) 
resulted in trans- (Ph P) „PtH (succimmido) [9] . However, with Pd(PPh ) trans-
(Ph P)-Pd (succimmido) was obtained [θ]. Cis- and trans- (Ph Ρ) M (ArNNNAr) 
(M = Pt and Pd) with monodentate tnazenido groups are formed in the reaction 
of HN(Ar)NNAr with M(PPh ) [lO, 1l]. These differences demonstrate the sub­
tlety of the factors governing product formation. Oxidative addition of N-H 
bonds to Rh(I) is less well documented. The reaction of RhCl(PPh ) with HN-
(Ar)NNAr is reported to give (Ph P)RhCl(ArNNNAr) [il]· In our case, we did 
not detect any bis-complexes (Ph P)RhCl(L-L') . 
B. SPECTRA AND STRUCTURES OF THE Rh(I) COMPLEXES 
I.R. spectra 
The assigned chelate frequencies in the I.R. of CH CI -solutions between 2000 
- 1 - 1 
cm and 700 cm are given in Table 2A and 2B. We assign the intense absorp­
tion at-MBOS cm in IA and IB to v(CrjrNMe ). A number of complexes M 
[Me NC(S)NC(S)NMe ] have been reported recently [l2j, but no I.R. absorptions 
were given. The chelate absorptions, assigned for IIA and IIB and IIIA and HIB, 
are as expected for S,S-coordinated S CNNMe [l3,14,15] and S,NPh-coordinated 
PhNC(S)NMe? [іЗ,1б]. The two chelate absorptions assigned for IIIA and H IB 
nearly coincide with v(C = S) and ν(PCS ) for P,S-coordinated S CPPh m N1-
[Ph C(S)s]2 [I?]. They are clearly different from the two absorptions of S,S-
coordinated S.CPPh ~ in MnfsC (S) PPh^l .EtOH, assigned as ν (CSJ and ν (CSJ 2 2 L 2-1 as 2 s 2 
[is]. This confirms P,S-coordination in IVA and IVB (Table 3). Analogous to 
IVA and B, we assign in VA and В the absorptions a t ^ 1560 cm and ^  930 cm 
16 
Tables 2A and 2B: Infrared absorptions and assignments of A(PhJ})Rh(L-Lt)3 with A = CO or Ph7P and \(Ph7P) nPt-
(L-L··)] (2000-700 am іл Cri „Cl ; ïïaCl-cells) 
Complex V ( C O ) a 
υ (с =^ ЕГ 
C h e l a t e a b s o r p t i o n s 
h 3 p - 5 -
PI 
P f b P 4 S - 4 . 
1976(vo) 
152é(vs) V ( C ^ , m e ? 
1 5 1 2 ( v s ) 
1 / I99(vs) V ( C — N M e , 
1 4 0 0 ( v v ) 1 3 7 6 ( s ) 1 3 1 8 ( B ) 1 1 2 9 ( β ) 9 1 2 ( ™ ^ Γ ) 
139o(vw) 1 3 6 7 ( s ) 
1 3 9 ? ( w i ) 135ß (s ) 
131C(s) 
Ι 3 1 8 ( · ΐ ) 
1 1 2 3 ( s ) Л 5 ( н ) 
1 1 2 7 ( s ) 9 1 6 ( w ) 
1 - l 0 2 ( s ) C 1234(w) 11С1(-л) С 9 6 0 ( w ) 
A
 ' 4 
Hh > - N M e 2 
"Rh V N M e , 
P h , p ' S 
1 ? 7 3 ( v s ) 
1970(vs) 
I536(vs) 





> l ( C - - N - . 2 ) 
V(C —Ы1е2) 
I 6 0 l ( n ) 
I603(m) 
1 4 2 2 ( . 0 
14l8(-h) 




1 ? 5 l ( m ) 1 lü2(m) 9 7 0 ( n ) 
12^fc(m)C 114é (s ) ?70(m) 
1?0p ( i i ) I l O P t i i ) 9 i 2 ( w ) 
120 l (m) 1109(111) 9b2(w) 




TABLE 2 B . 
Complex No A U ( c o ) a v)(c = s ) a - b 
Cnela tc a b s o r p t i o n s 
v(P=0) ^(PCS) H-Ph 
Rh )-Ь 
Rh V N P h 
Ph]P S 
p h j 
P h , ? , 0 - P 
Ζ'". J A ' S - 1 · _ 
IVB CO 19?4(v=) 
VB CO 1975(vs) 




I 5 5 É ( V S ) 
1 5 3 3 ( S ) 
1511(3) 
V ( c = s) 
V(c = s) 
V ( C = N) 
v(c=n) 
(с=н) 
V ( C = 4 ) 
i i 3 0 ( s ) 










802( r f) 
a
 \J(CE) and iJCCO) have been d e t e r m i n e d t o + 1 ст Ъу expanding t h e I . П . spect rum. 
У ( С = Е) = n o m a i node with s t r e t c h i n e o:~ e x o c y c l i c double bond a r t h e main comoonent; V (C =-Z Ξ) t h e sarre f o r e x o c y c l i c p a r t i a l d o u c l e bond. 
c
 I n CsJ . 
S y n t h e s i s of t h e s e complexe t o be d i a c u e s e d i n c h a p t e r V. 
Table Ъ: Charaatevistia absorptions for Ρ,S-aoordination of PhJPCS 
1)(0.S) D(PCS) ^ a s t ^ ' ^ в ^ г ^ Solvent 




( P h 3 P ) 2 R h [ P h 2 P C ( s ) S ] 
(CO)(Ph 3 P)lih[Ph 2 PC(S)S] 
H l [ P h 2 P C ( S ) S ] 2 









s,s 9 8 l ( s ) 89l(m) 
1000(ve) 853(111) 
to v(C = N) and v(PCS) respectively. In support of our assignment, v(C - S) 
and ν (SCS) in Pt(S^CS)0 Г42І are remarkably close to.respectively.ν(С = S) as 2 2 L J ' ' 
and v(PCS) in Pt[ph PC(S)s] [iv] and the Rh(I) complexes IVA and IVB. Similar­
ly v(CS?) and v(C = N) ,reported for (Ph P) Pt(S CNPh) [43] , are very close to, 
respectively,ν(PCS) and v(C = N) in VA and VB. The normal coordinate analyses 
of Ni(S 2CS) 2 ~ [19], Ni(S2C = N-CN) 2 [20] , Ni(S 2CNMe 2) 2 [u] and Pt(S2COMe)2 
[21] demonstrate that, although the ring vibrations ν(LCL1) (L and L1 are coor­
dinating atoms) in four-membered unsaturated chelate rings couple strongly with 
other vibrations, generally a strong absorption can be assigned to a normal 
mode with v(C=-:E) or v(C = E) as the main component. (CE is the exocyclic double 
or partial double bond). Changes in ν(CE) reflect changes ir CE bond order and 
are informative about bonding. Table 2A and 2B show that ν(CE) for all the 
four-membered rings as well as the five-membered rings in VIA and В and the six-
membered ring in IA and В is raised by 10-20 cm upon substitution of Ph Ρ by 
CO and that ν(CE) is more sensitive than the other vibrations. A more pronounced 
increase in ν (СЕ) (ілЗбст ) is observed for the change in central metal in IA 
a nd HA. Both shifts can be accounted for by the simple valence bond formalism, 
as shown by the resonance structures for VA (Fig. 6) . Lowering the ir-electron 
density on the metal center (Ph P-»C0), or raising its oxidition state (Rh(I), 
8 8 
d —* Pt(II), d ), raises the relative importance of resonance structure (2) . 
18 
Ph Ph Ph Ph 
p h3 P N Α
 Θ p h 3 p .©/ p ; 
Rh C-NPh < • Rh C=NPh 
Ph.P S PhqP 5 
© J © 
(1) (2) 
Figure 6: Resonance strictures for (Ph ,P) Rh [PhgPCfS) iPh] (VA) 
In VI-H a strong vibration at 1184 cm has been assigned to v(P=0) [s]. 
The decrease in v(p=o) of about 50 cm »found in VIA and B,indicates coordina­
tion via the phosphinyl oxygen (O = PPh -) . 
-1 
v(C0) in IIB is different from the value of 1920 cm assigned before 
to the same complex by O'Connor [l]. The values of v(CO) in IB and IIB are com­
parable to those found in (CO)(Ph P)Rh(S PR ) (R = OPh, v(CO) = 1980 cm" ; 
-1 r -, J 
R 
31. 
Cy, v(C0) = 1972 cm" ) [22]. 
Ρ N.M.R. spectra 
assignment 
31 1 Table 4 summarizes the p{ HJN.M.R. parameters. In th:s table the first order 
parameters are given, except where the two magnetically inequivalent Ρ atoms 
are trans to each other,and in case of VIB,where the difference in chemical 
shift between both Ρ atoms is very small (for details see footnotes to Table 4). 
The view that cts-influenceь on the values of δ and J(M-P) are smaller than 
brans influence s is supported by our results[23,24] . In IA and IIA both Ph Ρ 
groups are equivalent and coupling with Rh (lOOi abundance; I - h) results 
in a doublet. The effect of ring size on J(Rh-P) and S for IA, IIA and IB, 
IIB,respectively, is relatively small. In the spectrum of VA (Fig. 7) the Ph Ρ 
2 
group and the Ph Ρ group trans to it show a tranc-coupling , J(P -P ), of 330 Hz. 
2 
In VB the traws-coupling ( J(P -P ) = 332 Hz) is still observed, so in VA CO 
replaces Ph Ρ trans to S(P?). The spectrum of (Ph P) Rh[ph PC(S)s] in CD.Cl 
reveals the presence of several species including IVA, for which the absorp­
tions were assigned by comparison with VA. The presence of the other species 
of yet unknown nature probably explains the too low Mol.weight observed in CH Cl. 
(Table 1). Although the chemical shift values of IVB are in good agreement with 
those of VB the lines are broadened and no trans-couplrnq is observed. VIA 
2 3 
(Fig. 8) shows a J(Rh-0-P ) and a J(P -Rh-O-P ) coupling. No couplings of 
this type have been reported before. They are in accordance with coordination 
19 
31 1 
Tab Le 4: Ρ { Η) N.M.R.: parameters of A (Ph3P)Rh(L-L '),wiih A = PhgP or CO,in CD.fl2. 
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 /(ТОР, int.réf.) - S (85^ H3PO , ext.réf.) = +2.3 p.p.m. 
values of J and ¿ resulting from AEMX—analyses (X = Rh); Jwi J^. and J^, have been given the same sign. 
values of J and u resulting from ABX—analyses. J „ and J-y have been given the same sign. 
ABX-analyses; best fit with observed intensities and most reasonable value of jfRh-P,), comparable with j(Rh-P^) in VIA1when J.„ and J-j. were given the same sign. 
e
 obtained from ref. 17l 4= -42.5 (85$ ^ PO., ext. ref.)in aoetone. 
not observed due to line broadening. 
^ estimated accuracy in J: + 1 Hz. Estimated accuracy in о :+ 0.2 p.p.π. 
^ w 





v^ WWf '^W 
2J(P2-P3) 
w ^ 
-30 +10 p.p.m. 
31^
r
l Figure 7: P{ HÌN.M.R. spectrum of (Ph P) Rh[ph PC(S)NPh] (VA) in CD Cln 
via the O atom of the phosphinyl group. The values of &= -54.8 p.p.m. and J-
(Rh-P) = 202 Hz are assigned to Ph Ρ /.rans to O, in agreement with assignments 
made for (Ph^P)
 2Rh02CORh (PPh^ 2 [25]. For this P-atom (P ) no J(P-Rh-0-P ) is 
observed. The preservation of J(P -Rh-O-P ) in IVB suggests that in IVA Ρ , 
trans to 0,1s substituted by CO. 
Cis-influence of Ph Ρ and CO. 
For all Ρ atoms coordinated to Rh(I), an upfield shift and a decrease in J-
(Rh-P) is observed upon substitution of Ph Ρ by CO: а с¿a-influence. The magni-
1 
tude of the changes in δ(Δ<5) and J(Rh-P) (AJ) seems almost exclusively depen­
dent on the nature of the trans-atom. For (IA and B), (IIA and B) and (VIA and 
B) with Ρ trans to S Δ(5^+5.3 p.p.m. and AJ^-19 Hz are found (Table 4). Δδ 




3 J(P 2 -Rh-0-P 3 ) 
J 2J(Rh-0-P3) 
1 
Ph,P 0 - P h * P, 3 
Rh 
Ph 3 P s-c. 
' NPh 
^-vs l-V-
- 6 0 -50 - Д О -30 P-P-m. 
Zlr,
r
l Figure 8: P{ H}N.M.R. spectrum of (Ph Pi Rh[Ph P(0)C(S)NPh] (VIA) in CD CI 
2 2 
enee between Ph Ρ and CO to be smaller when Ρ is trans than when S is trans. 
If the upfield shift upon substitution of CÎS-Ph Ρ by CO is a general phenome­
non, the Ph P group at δ = -46.0 p.p.m. in HIB has to be the same as Ph Ρ with 
6 = -55.8 p.p.m. in IIIA. The observed Δδ(+9.8 p.p.m.) and AJ(-26 Hz) are clear­
ly different from those observed for Ph Ρ trans to S. So we conclude that CO 
substitutes Ph^P trans to Ξ in IIIA. A value of Δδ and AJ for Ρ trans to О can 
be obtained by comparing (Ph,P).RhO.CORh(PPh.) [25] and RhCO(acac)PPh. [2б] 
(Δδ = +7.6 p.p.т.; AJ = -23 Hz). As shown by Fig. 9, the relation between Δδ 
and ЛЛ is roughly linear. The non-chelate complexes RhClA(PPh ) (A PPh or 
CO) have been included. Although no obvious interpretation of the effect is at 
hand, it can be used in structural assignment, as we did. 
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S t rans 
Ρ trans 
+ 5 • 10 
ài in p.p.m. 
Fig ¿.re 9: The difference in cis-vnfluenoe between CO and Pl'h, on J(Rh-P) and 
6 in sq.pl. A(Ph,P)Rh(L-L') (A - CO, Ph P), as modified by the trans-atom L'. 
Ρ trans - (VA and B); S trans - (IA and B),(IIA and B), (VLA and B); ,V trans -
(li¡A and В); 0 trans: see text 
Trani-influenae on J(Rh-P) 
On comparing J(Rh-P) values within one bis-phosphine complex (Ph P) Rh(L-L') 
1 
with L^L', an order of increasing trans-influence on J(Rh-P) can be obtained 
from Table 4: - О < - NPh, - S < - PPh^. The small differences between IA and В 
and IIA and В and between RhCKPPh ) and (Ph P) Rh [ph PC (S) NPh] suggest the 
effect of ring-size and ring-strain to be small, so comparison with non-chelate 
Rh(I) complexes seems meaningful. By comparing J(Rh-P) in complexes in which 
23 
only the atom trans to Ph Ρ has been changed, a more complete trarcs-influence 
series is obtained: 0, CI, Br, I < -NPh, -Ξ < CO, -PPh , PPh . For this series, 
1 in addition to the values in Table 4, the values of J(Rh-P) in RhX(PPh ) 
(X = CI, Br, I) [28], Rh(CO)2Cl(PPh3) , Rh(CO) (acac) (PPh^ [26] and (Pl^P^RhC^-
CORh(PPh ) [25] have also been used. The sequence found is in accordance with 
that for square planar Pt(II) complexes [27]. The generally accepted view is 
that J(M-P) arises almost entirely from the fermi-contact interaction [23,27], 
and the change in the total M.O. bond order between the S-orbitals on the coup­
led atoms,P'fs s ),has been made mainly responsible for the changes in J(M-P) 
Μ Ρ 
induced by various trans-ligands [23,29]. Using a localised M.O. description, 
an increase in P'(s s ) can arise from an increase in the s-character of the 
Μ Ρ 
metal hybrid as well as an increasing covalency in the M-P o-bond [27,29]. 
Both have been shown to give a stronger bond [зо], so the magnitude of J(Rh-P) 
can be used as a measure of the strength of the Rh-P bond. In IIIA the equal 
values of JfRh-P^for Ρ trans to S and NPh,probably indicate a very simi­
lar demand for the Rh hybrid σ-orbital by both donor atoms. 
Chemiaal shift and 1J(Rh-P) for -PPh2 
The -PPh. group in IV and V-Η undergoes a remarkable upfield shift upon coordi­
nation (Table 4). Generally, in Rh(I) and Rh(III) alky1-and arylphosphine com­
plexes, a downfield coordination shift is observed [23,31]. The upfield coordi­
nation shift in the four-membered Rh-P-C-Ξ ring is probably related to the ef­
fect reported recently by Garrou [32], who showed that a Ρ atom in a four-mem­
bered chelate ring is shifted upfield (+12 to +80 p.p.m., positive ring contri­
bution) relative to a comparible p-atom not incorporated in a four-membered 
ring. The ring-strain in IVA and VA, as evidenced by the crystal structure of 
Ni[cyPC(S)s] [34,35], results in a considerably smaller value of J (Rh-P) for 
1 
-PPh than for PPh, trans to it. A similar lowering of J(M-P) is found in the 
four-membered rings in trans- PtCl [p (t-Bu) Ph] [o-C Η Ρ (t-Bu)-] [32] and ois-
pt(Ph) 2 (Ph 2 PCH 2 PPh 2 ) [33]. 
C. SPECTRA AND STRUCTURES OF THE Pt(II) COMPLEXES 
Table 5 summarizes the I.R. and H N.M.R. parameters obtained for VII and VIII. 
The values of v(Pt-H), τ(Pt-H) and J(Pt-H) of VIII are in accordance whith 
those observed for trans-(Ph P) PtH(SC H Y) [зб] (γ = a para-substituent) and 
trans-{Ph Ρ) PtH[SC(0)CH] L37] · F o r H trans to PPh in VIII, v(Pt-H) and 
1 3 2 '• ^ 3 -j 
J(Pt-H) are expected to be lower because of the higher trans-influence of Ph ρ 
24 
Table δ: Spectral parameters of the Pt(ll) complexes 
I.R. frequencies in am , τ in p.p.m. rel to TMS, J in Hz 
1
н N.M.R. (CD 2CI 2) 
Complex No. Assignment CsJ CHjClj T(Pt-H) 1J(Pt-H) 
N M. ü(Pt-H) 2142(m) 2П0(Ъг) +20.7 ΙΟθΐ
3 
Hs ,S-< 2 





























o l s . 19 Hz 
j(P-H)
c i g not observed due to line-broadening 
not observed 
compared to S [27]. In VII and VIII the assigned chelate absorptions in the I.R. 
are virtually the same as in the Rh(I) complexes. 
COMPARISON OF STRUCTURES 
For the complexes IA-VA, on reaction with CO,substitution of PPh trans to S 
takes place, whereas in VIA Ph Ρ trans to О is substituted. The very fast sub­
stitution of Ph Ρ by CO in (Pl^P^RML-L') and the observation of only one iso­
mer for all complexes (CO) (Ph P)Rh(L-L'), suggest the isomers found to be the 
thermodynamically most stable ones. In HIB, IVB, VB as well as RhCl (CO) (PPIO _ 
where CO can choose between two different trans-atoms, the configuration with 
the least stenc hindrance and the atom or group with the lowest trans-influ­
ence (as determined from J(Rh-P))in trans-position results. In VIB, in which 
no bulky substituent is present on one of the donor atoms (L,!/), CO is also 
found trans to the donor atom with the lowest trans-influence. So generally the 
configuration is found in which the strongest σ-bond between Rh(I) and CO can 
be formed. In HIB, where the trans-influence of both donor atoms (NPh,s) is 
comparitale, minimalisation of stenc hindrance could be decisive for the posi-
25 
tion of CO. In VIII,also the configuration with the lowest steric hindrance 
and H trans to the atom with the lowest trans-influence is found. The observed 
ferwis-position of both P-atoms is the same as in trans-(Ph P) PtH(A), resulting 
from oxidative addition of the weak acid HA to Pt(PPh-,) (n = 3, 4) Гзб,37,З , 
3 η L 
4θ]. In VIA and В no SjNPh-coordination is observed like in IIA and B, but the 
unusual coordination via the oxygen of a phosphine oxide group stabilised by 
the chelate effect. The only well charactei 
ed up to now,was eis-RhCl(CO) (OPCy ) [зэ]. 
the chelate effect. The only well characterised R PO complex of Rh(I) report 
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C H A P T E R II 
Rh (I) PHOSPHINE COMPLEXES WITH BIDENTATE UNSATURATED THIO-LIGANDS 
PART II*: REACTION WITH О AND H . ** 
A.W. Gal and F.H.A. Bolder 
SUMMARY 
The Rh(I) complexes ,(Ph3P)2Rh[Me2NC(S)NC(S)NMe], (Ph P) Rh[sC(S)NMe ] 
and (Ph3P)„Rh [phNC(S)NMe ],react with О to give 1:1 dioxygen adducts. In so­
lution, trans-(Ph3P>2Rh(02) [Me2NC(S)NC(S)NMe2], сга- and trans-(Ph Р) Rh(О )-
[sc(S)NMe ] and ets - and trans -(Ph Ρ) Rh(О ) [phNC(S)NMe ] are observed. For 
(Ph P) Rh(02)[phNC(S)NMe ] , a solvent effect of the initial ois-trans ratio 




 0=pph, formation from 
J 6 6 3 
(Ph P) Rh(0 ) [phNC(S)NMe ] is inhibited by additional PPh . 
The reaction of (Ph P)2Rh[ph PC(S)NPh] with О in the presence of addi­
tional PPh gives 0=PPh and OtS-(Ph P) Rh(О ) [ph Ρ(О)С(S)NPh] as the only prod­
ucts. The same complex can also be prepared from (Ph P) Rh[ph P(0)C(S)NPh] and 
02· 
Only (Ph3P)2Rh[phNC(S)NMe ] reacts with Η at room temperature,giving 
(Ph3P)2RhH2[phNC(S)NMe ] , which is a catalyst in cyclohexene hydrogénation. 
INTRODUCTION 
Although a number of investigations have been performed on the subject, 
the reaction of RhCl(PPh ) with molecular oxygen has still not been satisfac-
torily described [2,3,4]. The reaction is intriguing because of the increase 
of catalytic activity of RhCKPPh ) .. in various reactions by traces of oxyyen 
[5,6,7j and because of the catalytic activity of RhCl(PPh ) in olefin autox-
idation [3>8,9]. One of the reasons for the complexity of the reaction between 
RhCKPPh ) and О is the facile loss of PPh (either as PPh or as 0=PPh ) and 
Part I: see reference 1 (Chaoter I). 
** 
J. Organometal. Chem., submitted for publication. 
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consequent dimerisation to aquire coordinative saturation [іб]. 
We have investigated the reactivity towards О of the related Rh(I) com­
plexes (Ph P) Rh[Me2NC(S)NC(S)NMe ] (IA)*, (Ph3P) 2Rh [sC(S) NMe2] (IIA), (Ph3P)2-
Rh[phNC(S)NMe ] (IIIA) and (Ph P) Rh[ph PC(S)NPh] (VA), which contain only two 
PPh groups and a bidentate unsaturated ligand L-L'. The structure of the di-
oxygen adducts (Ph P)pRh(0 )(L-L') and their tendency towards 0=PPh formation 
1 31 1 
have been studied by I.R., H N.M.R. and P{ н} N.M.R. VA contains three phos­
phorus donor atoms, like RhCl (PPh.,) , and besides 0=PPh formation,oxidation 
of the P,S-coordinated Ph-PCÍSJNPh to Ph.P(О)С(S)NPh is also expected. There­
fore,we also investigated the reaction between О and (Ph P).Rh[ph.P(О)С(S)NPhJ 
(VIA). 
Furthermore, the complexes IA-IIIA and VA have been compared in their 
reactivity towards H„. 
EXPERIMENTAL 
I.R. spectra were obtained with Perkin-Elmer 257 and 283 spectrophoto­
meters. H N.M.R. spectra were recorded on a Bruker WH-90-FT and Ρ { Η} N.M.R. 
spectra on a Vanan XL-100-FT spectrometer. Relative concentrations of 0=PPh 
31 
and the dioxygen adducts were determined by P N.M.R.,with a total measuring 
time of 15 (1000 transients) or 30 minutes (2000 transients). The observed 
peak heights, which result from integration over the total measuring time, have 
been taken proportional to the peak heights at the moment half the measuring 
time has passed. 
The synthesis of the Rh(I) complexes (Ph P) Rh(L-L1) (IA-IIIA, VA and 
VIA) has been described in part I [l]. C, H and N analyses were performed by 
the micro-analytical department of this university. Analytical values are given 
in Table 1. 
A. DIOXYGEN ADDUCTS 
Synthesis and isolation 
(Ph 
zP)2Rh(02)[Me2NC(S)NC(S)me^ (1) and (Ph^P).¿Rh.(0¿ {PMC(S)NMeJ\ (S) 
The dioxygen adducts were prepared from (Ph P) Rh(L-L'), generated гп sxtu in 
The codes used are the same as in part I [l]. 
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Tab Le 1: Analytiaal data (theoretical values in parentheses) 
No. Compound Colour %C %H %N 
1 (Ph P) Rh(0 ) [Me2NC(S)NC(S)NMe ] ochre-yellow 60.9 5.3 4.9 
(59.4) (5.0) (4.9) 
2 (Ph P) Rh(02)[sC(S)NMe ] green-yellow 60.3 4.9 1.7 
(60.1) (4.7) (1.8) 
3 (Ph P) Rh(0 ) [phNC(S)NMe ] o c h r e - y e l l o w (65 .2) ( 5 . 1 ) ( 3 . 4 ) 
(64.5) (4 .9) (3 .3) 
7 (Ph P) 2 RhH 2 [phNC(S)NMe 2 ] w h i t e 6 6 . 9 5.6 3.5 
(66.9) (5 .4) ( 3 . 5 ) 
O.-free benzene by oxidative addition of Me NC(S)N(H)C(S)NMe and HN(Ph)С(S)NMe 
to RhCKPPh ) and successive dehydrohalogenation with Et N, as described in 
part I [ij. Et^NHCl was filtered off from the respectively red and orange solu­
tions. On passing through 0 , the colour immediately changed to dark red-brown. 
Rapid precipitation by addition of n-hexane gave an ochrous-yellow powder of 
1 and 3 respectively. 1-. ν (0 ) = 833(s), v(CNMe ) = 1503(s,br); 2. ν (О ) = 
871(s), v(CNMe ) =1562(s,br) (Recorded in Csl(cm"1)). 
(Ph^J.jRhfO^lsCÍSJNMe^ (2) 
On passing O. through a suspension of 0.2 mmol (Ph Ρ) Rh[se(S)NMe ] m 10 ml. 
of О -free benzene, the solution turned dark red-brown. Rapid precipitation 
with n-hexane gave a green-yellow powder of 2: v(0 ) =881 (m,br) , 4>(CNMe ) = 
-1 2 
1529(s,br) (Recorded in Csl(cm )). 
(Ph^),ßh(0 ) [Ph2t(0)C(S)NPh] (6) 
This complex has been characterised in solution as the product of the reaction 
of (Ph3P)2Rh [ph2PC(S)NPh] with 0 as well as of the reaction of (Ph P) Rh [Ph P-
(0)C(S)NPh] with 0 . 
The dioxygen adducts 1-3 in the solid state, stored in air, decompose 
very slowly. Only after weeks are 0=PPh absorptions observed in the I.R. 
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Preparation of solution samples 
N.M.R. solution samples of the dioxygen adducts were prepared by dissolving 
the starting complex (Ph P) Rh(L-L1) in the O^-free solvent in a glove-box and 
sealing with a silicone rubber cap. After the solution was frozen, the N.M.R. 
tube was evacuated via a thin capillary through the rubber cap and one or more 
equivalents of О were introduced with a syringe. (One equivalent = one mole 
of О per mole of (Ph P) Rh(L-L')). The frozen solution was rapidly warmed to 
room temperature and shaken vigorously, resulting in an almost immediate change 
of colour to an orange-brown or red-brown solution. Solution samples for I.R. 
were prepared similarly. 
B. REACTIVITY OF THE COMPLEXES (Ph P) Rh(L-L') TOWARDS H 
(ΡΗ^>).βΗΗ2[ΡΜ€(5)ΝΜβ^\ (7) 
When Η. was passed through an О -free solution of (Ph-P)„Rh[phNC(S)NMe ] in 
benzene at room temperature, the colour of the solution darkened. After 15 min. 
the Schlenk vessel was closed, and stirring was continued under hydrogen atmos­
phere. After 35 min., a white precipitate began to form and after 5 hours the 
white precipitate of 7 was filtered off. v(Rh-H) = 2018(m) and 2060(m),ν(CN-
Me ) = 1562 (s,br) (Recorded in Csl (cm )). The complex is not readily soluble 
m the common organic solvents. 
In a similar procedure for IA, IIA and VA, no reaction was observed. 
C. CATALYTIC ACTIVITY OF (7) IN CYCLOHEXENE HYDROGENATION 
25.5 mg of 7 was dissolved in a mixture of 35 ml of benzene and 25 ml of cyclo-
2' 
hexene. At 40 С and p(H ) = 1.4 ATA the hydrogen uptake was 3.1 ml/min., for 
-2 -1 
which a turnover number (T.N.) of 8.5 χ 10 sec was calculated. 
RESULTS /IVO DISCUSSION 
A. REACTION OF iPh P) Rh(L-L•) WITH 0 
On powdering the Rh(I) complexes IA, IIA, IIIA and VIA under atmospheric condi­
tions, partial formation of the dioxygen adducts occurs, as witnessed by the 
appearance of a weak broad absorption due to v(0 ), the position of which 
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is in agreement with ν(О ) assigned to the isolated dioxygen adducts 1, 2 and 
3 and the values of ν(О ) observed in solution (Table 2). To study the struc­
tures of the dioxygen adducts (Ph P) Rh(О )(L-L') and their tendency towards 
0=PPh, formation, they were generated in eitu in solution from (Ph P).Rh(L-L*) 
and one equivalent of 0. (Experimental). 
The Ρ { Η} N.M.R. spectra indicate complete conversion of the Rh(I) 
complexes IA, IIA, IΙΙΑ and VIA to the dioxygen adducts 1, 2, 3, and 6 by reac­
tion with one equivalent of О . Besides the formation of 0=PPh , the formation 
of trans*-(Ph P)2Rh(02) [Me2NC(S)NC(S)NMe2] (tranS-l), ois- (Ph3P) 2Rh (02) [sc (S) -
NMe ] (егз-2) and a mixture of ais- and trans-(Ph P) Rh(0 ) [phNC(S)NMe ] (cis-
3 and trans-3) is observed, both in CD
n
Cl_ and C^D^(Fig. IA and B). 
2 2 6 6 
trQns-3 
M 
c i s - 3 
н^ 
Ph,P0 




-iO - 3 0 - 2 0 Ρ P m 
- 4 0 - 3 0 - 2 0 Ρ P m 
Figure 1: Ρ { Η} N.M.R. speetrum of eis- and trans-ÍPh^P) Rh(0J [phNC(S)NMe ] 
(cis-3 and trans-3). 20 min. after preparation of the solution; IA in CDSl^ 
and IB in CJ)- (numbering of the F atoms as in Table 2) 
cis and trans indicate relative position of the PPh groups. 
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The reaction of VIA with one equivalent of 0 , which has only been investigated 
in CD Cl ?, gives ois- (Ph,P) -Rh (02)[ Ph Ρ (O)C (S)NPh ] (cis-6) as the only isomer 
(Fig.2). In CH CI , slow formation of 0=PPh occurs for all four dioxygen ad-
ducts, as is demonstrated by the increase 
of the sharp 0=PPh absorption at i = 
24.9 p.p.m. No other phosphorus reso­
nance of appreciable intensity is ob­
served. 
3, for which the ais- and trans-
isomers are initially present in compa­
rable concentrations, has been investi­
gated in more detail. A solvent effect 
•PhjPO 








ρ ρ m 
the rate of 0=PPh formation is observed. 
In C^H^,f£s -3 is formed in a relatively 6 о 
higher concentration than in CH.Cl and 
an increased lability towards 0=PPh 
formation is found (Fig. 1A and B). As 
judged from the relative peak heights of 
o=pph and ois- and Lrans-3, in CD CI , 
20 rain, after preparation of the solu­
tion, about 5% of 5 has decomposed and in 
C^D^ about 15%. After 45 min. in CD.,C1„ 6 6 2 2, 
no further decomposition has occurred, 
whereas in C^D^ about 501 of Ζ has de-
o 6 
composed. The absence of phosphorus res­
onances other than those of 0=PPh and 
db- and Irans-ó and the simultaneous 
decrease and increase in intensity of the 
resonances of 2 and 0=PPh , respectively, 
suggest a simultaneous transfer of both 
О atoms to both PPh groups. The nature 
of the Rh-complex formed by this 'disso-
siative oxygen insertion' [lOj is un­
known at the moment. If the reaction of IIlA,with one equivalent of O- in C.H^ , 
2 6 6 
is performed in the presence of two moles of PPh per mole of 3, a remarkable 
inhibition of 0=PPh formation occurs: after 45 min., still no 0=PPh is ob-
31 . 
served in the Ρ N.M.R. Under these conditionsAsomenzation of ai,8-¿ to the 
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Гідиге 2: Ρ { Hi /V.M.rf. spectrum 
of ais-(Ph„PJ2Rh(0J [Ph I'(0)i (S)lJPh] 
(cis-6) in CDXly. Prepared from 
(PhJ.>).?Rh Ph2P(0)C(S)Nl>h (VIA). 
20 min. after preparation of the so­
lution (numbering of the Ρ atoms as 
in Table ¡') 
apparently more stable trans-ό is observed. For ois-2 in С H in the presence 
of 2 moles of PPh , isomensation to trans-2 is also observed. 
Although the presence of two equivalents of PPh lowers the intensity 
31 
of 0=PPh absorption, the Ρ N.M.R. spectrum of 6, formed by reaction of VIA 
with one equivalent of 0. in CD CI , shows no such pronounced inhibition of 
0=PPh1 formation as for 3. Within four hours, the initially formed ais-6 is 
completely converted to the parent Rh(I) complex VIA and 0=PPh , as can be seen 
from the change in colour from orange-brown to intense bright-red and can be 
followed by I.R. and Ρ N.M.R. The observed change in the I.R. spectrum is 
shown in Fig. 3. Cis-6 can also be obtained by reaction of VA with 0. in CH.C1 
1600 K00 1200 1000 600 CM 
— I 1 1 1 1 




V(C = N) V(P=0) V(P=0)| 
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Hgure 3: Formation of (Ph^P)2hh[ph2P(0)C(S)№h\ (VIA) from cis-(Ph P) RhiOJ-
\Ph2P(0)C(S)NPh\ (ais-6) and two moles of PPh, in CDJ:l . Time dependent I.R.-
speotrum: A = 70 min , В - íbO min and С = 220 min after sampling (temp. -
40OC). v(C=N) in cis-6 = 152b cm'1. \>(C=N) in VIA - 1511 от'1. v(P=0) in ois-
1130 cm м(Р=0) in VIA - 1133 cm -1 \)(PCS) is obscured by solvent absorp-
1 , 
tion. 0=PPh absorptions increase (1592, 1192 and 1119 cm ) and vfOJ absorp· 
tion decreases. 
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in the presence of additional PPh (six moles of PPh per mole of VA were added). 
The orange-yellow solution immediately turned orange-brown upon contact with 0.. 
The amount of 0- necessary varied somewhat from one experiment to another. Gen­
erally, three to four equivalents of О were necessary to obtain complete con­
version of the starting complex VA to cts-6. No phosphorus resonances of 
appreciable intensity, other than those of PPh , 0=pph and r-i's-G, were observed 






Il l| I l 
¡Ui , ι 
•(VA)-
-40 -30 
-20 -10 •10 ρ ρ m 
figuï-e 4: ' Ρ { H] <J.M.H. spectrum о/ jis-(Fh
 /Р),)Пп(0п) [' h^ iOJi (.,j,.Ph] (aia-,)) 
in CD CL.,. Prepared from (l'hJÌJthVpn.pCC;) l-A (V ) ш d six то'es o.' PPh . 
20 min. djl-u-r ['f([xit'ation of the solsiion. iJr.rr i-z<.d ', is indioaioa (numberLttj 
о j Ρ α ¡.on,; as in Table ?) 
version to VIA and 0=PPh, is observed, as for JÍJ-6 prepared directly from VIA. 
Fig. 5 bummanzes the observed reactions of VA and VIA with О . Apparently, the 
proposed initially formed dioxygen adduct (Ph P) Rh (О ) [ph PC (S) NPhJ (.')) is too 
labile to be detected and a very fast transfer of oxygen to Ph Ρ as well as 
phpP- occurs. If both О atoms are indeed simultaneously transferred to two co­
ordinating Ρ atoms, two routes (A and в in Fig. 5) can be distinguished. If on­
ly transfer of oxygen via route A occurs, a maximum of two equivalents of О 
would be absorbed. The high intensity of the 0=PPh resonance (Fig. 4) and the 
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Ph,P 
Rh > = N P h ( P h 3 P ) 2 ( 0 2 ) R h ) > = N P h 
(VA) 
^0-P 2 У 
c i s - ( P h , P ) , ( 0 7 ) R h < " ^ 
3 2 ¿
 ч
 I last 
NPh (6) 
L 
РЬэРч yO—P L 
Rh I 
Р И з Р ' ^ S — ' χ 
(VIA) NPh 
2 P P h , 2 0 - P P h , 
Ftgure 5: The formation of cis-CPh^)¿ih(02)[Ph2P(0)C(S)NPh] (ozs-6) from 
(PhJ>)2Rh[Ph?PC(S)NPh\ (VA) and (Ph3P2)Rh[Ph P(0)C(S)NPh] (VIA): reaction 
scheme 
need of three to four equivalents of О to obtain quantitative conversion seem 
to indicate that route В also occurs to some extent. 
B. SPECTRA AND STRUCTURES OF (Ph P) Rh(О )(L-L') 
The I.R., Ρ N.M.R. and some H N.M.R. parameters of the dioxygen adducts are 
given in Table 2. In the l.R. the observed values of ν(О ) in solution are as 
expected for a five coordinate TBP Rh(l) complex of class Τ [ill , for which val­
ues of ν(O ) ranging from 833-890 cm [l2,13] have been reported. For the 
square planar RhCl(PCy ) (O ) (class S), the much higher v(0.) of 993 cm has 
been ascribed to a weaker M-0 π-backbonding in the square planar geometry 
[llj. The chelate absorptions in solution are virtually the same as those as­
signed to the bidentate chelate L-L' in the parent Rh(I) complexes. v(P=0) m 
съз-б (1130 cm , CH Cl,) (Fig.3) indicates O-coordination of Ph Ρ(О)С(S)NPh 
as in VIA ( (Р=0) = 1133 cm , CH CI )), for which O-coordmation has been 
discussed in part I [l]. 
In the observed trans-isomers both Ph Ρ groups are equivalent, and one 
doublet due to coupling with Rh(I = h, 100* abundance) is observed (Table 2). 
In the ets-isomers, the Ph Ρ groups (P and P.) are inequivalent, and two pairs 
1 2 
of doublets are observed due to J(Rh-P) and J(P.-P^) (Fiq. 1 and 2). In 
1 2 cis ' 
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±аРІе 2. Spectrosoopzc parameters of the Op~complexes гп solution 
Complex 
(cm L 
. . . atom or 
δ J(Rh-P) group 
tp ρ ra ) (Hz) trans 1 2 cis 
τ(ΝΜε2) 
(ρ Ρ m ) 
7
 trans-(Ph P)2Rh(0 )[ме NC(S)NC(S)NMe ]
 C D2 C l2 
C 6 D 6 
2 t r a n s - [Ph p ) 2 R h ( 0 2 ) [sCtSINMeJ d ) c^^ 
¡ t r ans - (Ph Ρ) Rhlo )[phNC(S)NMe ] C D 2 C 1 2 
C 6 D 6 
2 cH-(Ph3P) Hh(02) [sCISlNMeJ
 C D2 C 12 
1 CIS-Ph Ρ) Rh(0 )[phNC(S)NHe2]
 C D2 C 12 
г D 4 6 
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rel со O-P(OMe) (TMP) int ref values + 0 2 ρ p m , but relative shifts between two Ρ atoms in the same complex + 0 03 ρ p m 
Ь) 
J values + 1 Hz 
с) 
rel to TMS int ref s - singlet 
d) 
observed in the presence of two equivalents of PPh 
to a CfiD solution of cis and trans-(PhP) Rh(O)[phNC(S)NMe] and two equivalents of PPh .only one у (О.) could be assigned f(31 J ¿ г ¿ J 2 
Ρ Ν M R parameters result from ABX analyses 
^ numbering of the Ρ atoms as in Fig 1A and IB 
numbering of the Ρ atoms as in Fig 2 and 4 
cis~6 the Ρ absorption of the O-coordinated 0=PPh - group coincides with one 
of the Ph Ρ lines (Fig.2). Its position is only slightly different from that 
observed in (Ph P)
 2Rh [ph2P (0)C (S)NPh] (δ = -28.6 p.p.m.) and (CO) (Ph3P) Rh-
[ph-P(0)C(S)NPh] (δ = 33.1 p.p.т.). For 3 and 6 two eis-isomers are possible 
(neglecting different enantiomers) . Fig. 6 summarizes the structures,- the ob­
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Figure 6: Structures and observed isomerization of the dioxygen adducts. 
(n.o. = not observed). 
(Ph P) Rh[ph P(0)C(S)NPh] [l] the value of J(Rh-P) for Ph Ρ trans to О (202 Hz) 
is larger than for Ph Ρ trans to S (170 Hz), we tentatively assign J(Rh-P)^ 
140 Hz to Ph Ρ trans to О and J(Rh-P)^ 130 Hz to Ρ trans to S (or NPh m ais-
3). This implies that in cis-6 both ph Ρ groups have 0 trans (isomer (a), Fig.6), 
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This assignment is in accordance with the absence of a J(P-Rh-O-PPh.-), ex­
pected for Ρ trans to Ξ in isomer (b) by anology to (Ph P) Rh [ph Ρ(О)С(S)NPh] 
[l] . So (a) is the most probable structure of cís-6. 
C. REACTION OF (Ph Ρ) Rh(L-L') WITH H 2 
Of the complexes investigated, only IIIA reacts with Η at room temperature. 
The two v(Rh-H) absorptions (2060, 2018 cm , Csl) in (Ph P) RhH¿[phNC(S)NMe ] 
(7) indicate a eis-position of both hydrides. The observed chelate absorptions, 
except for a slight shift in v(CNMe ) (1525 cm , CsI), are virtually the same 
as for PhN, S-coordinated thioureide in (Ph Ρ) Rh[phNC(S)NMej].(ν(CNMe ) = 
-1 
1548 cm , Csl). Because of the low solubility,no useful N.M.R. spectrum could 
be obtained. By anology to the earlier reported trans-(Ph P)„RhH-(ArNNNAr) and 
trans- (Ph Ρ) ,ΚίιΗ. (0 CR) , both Ph^P groups probably will be in trans position 
[l4,15j. 7 is not sensitive to О in solution. Stirring 7 in an ethylene sat­
urated solution results in hydrogénation and formation of (Ph P) Rh[PhNC(S)NMe ]. 
-2 
The activity of the complex in cyclohexene hydrogénation (T.N. = 8.5 χ 10 
sec ) is about 16% of the activity we found for RhCl (PPh.,)., under the same 
conditions. Activity in olefin hydrogénation has also been reported for trans-
(Ph P) RhH (PhNNNPh) and trans-(Ph Ρ) RhH (OCR) [l3,15]. 
D. CONCLUSIONS 
The investigated complexes (Ph P)9Rh(L-L') are much more reactive towards 0 9 
than Η Replacement of NPh in (Ph P) Rh[phNC(Ξ)NMe ] (IIIA) by S to give 
(Ph P) Rh[sC(S)NMe ] (IIA) makes the Rh centre unreactive towards H at room 
temperature. The replacement of NPh by S has also an effect on the ais-trans 
ratio observed for the dioxygen adduct. In case of IIIA, c-is- and trans-Z are 
formed initially, whereas IIA initially forms only ais-2. We think this to be 
a kinetic effect, because in both cases the tpans-isomer is found to be the 
most stable one. The stability of the trane-isomer is probably related to the 
relief of stenc hindrance between the Ph Ρ groups in this isomer. A marked 
effect of L-L' on the lability of (Ph P) Rh(О )(L-L') towards 0=PPh formation 
is observed: for L-L' = Ph PC(S)NPh the initially formed dioxygen adduct is 
too labile to be detected and oxygen transfer to Ph Ρ as well as Ph PC(S)NPh 
is found. 
The nature of the yet unexplained inhibition of 0=PPh formation from 
ci-s-á by additional PPh will be the subject of further investigations. 
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C H A P T E R III 
BIDENTATE, MONODENTATE AND BRIDGING THIOCARBOXftMIDO COMPLEXES OF RHODIUM AND 
IRIDIUM; THE X-RAY STRUCTURE DETERMINATION OF [lr(n -SCNMe ) (CO)(PPh )]+BF ~ 
A.W. Gal, H.P.M.M. Ambrosius, A.F.M.J, van der Ploeg and W.P. Bosman 
SUMMARY 
Me2NC(S)Cl reacts with "IrCKPPh ) ", IrCl (CO) (PPh ) and IrH(CO)(PPh ) 
to give ais- and t pans-Ir CI {ц -SCNMe.) (PPhJ _, trans- [irCl (η -SCNMe.) (CO)-
(PPh ) ] Cl~ and trans-[irH(η -SCNMe )(CO)(PPh ) ] Cl~, respectively (with cis 
and trans referring to the relative position of the PPh groups). Dehydro-
9 + — 
halogenation of trans- [irH(η -SCNMe ) (CO) (PPh ) ] CI by Et N results in trans­
ir (η -SCNMe ) (CO) (PPh ) and the dimenc [ir (μ-SCNMe ) (CO) (PPh ) J . Dehydro-
halogenation of trans-[irH(η -SCNMe.) (CO) (PPh ) ] CI , in the presence of Me -
NC(S)C1,gives the bis-(η -thiocarboxamido) complex [lr(n -SCNMe ) (CO)(PPh )] -
Cl~. 
In the reaction of Me NC(S)C1 with RhH(CO)(PPh ) displacement of CO oc-
2 
curs and RhCKn -SCNMe ) (PPh ) is formed. This complex can also be prepared 
from Me NC(S)Cl and RhH(PPh ) . 
The X-ray structure analysis of [іг(л -SCNMe ) (CO)(PPh )] BF ~ shows 
both SCNMe ligands to be planar and coordinated via С and S, with bond dis-
2 
tances and angles comparable to those in other η -SCNMe complexes. As the C-
o 
Ir-S angles within both IrSCNMe units are small (43 ), the coordination ge­
ometry around the indium is distorted octahedral. 
INTRODUCTION 
Ν,Ν-dialkylthiocarboxamido (SCNR ) [l#2] and dithioalkylester (SCSR) 
|_3-7j complexes have been prepared in the last decade via several routes. For 
SCNR , coordination via С (η coordination), coordination via С and S to give 
2 
a three membered M-C-S ring (η coordination), and bridging via С and S (μ co-
3· 
J. Organometal. Chem., submitted for publication. 
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ordination) have been reported. For SCSR, up to now, only η coordination and 
2 
η coordination have been found. 
X-ray crystallographic data have been obtained for η -SCSMe [δ], η -
SCNMe,, [θ,9] , η -SCN (n-Prop) - [lo] and p-SCNMe„ [ll]. The observed geometry 
2 2 2 
for η -SCSR and η -SCNR is closely related to that observed for η -CS- com-
2 ? 
p l e x e s [ 1 2 , 1 3 ] . M e t h y l a t i o n of η -CS and η -SCNR complexes h a s been r e p o r t e d 
t o g i v e η -SCSMe and η -SCNRMe complexes [ 2 , 5 , б ] ( F i g . l ) . 
© 
.SR 
^ S S™ S™* ^ C H 
-С - Л п М - С LnM- С ^ fflLnMr С L n M - с ' 
H 2 
2 2 2 2 2 
Figure 1 : η -allene and the "pseudo-allenes" η -CS9, η -SCSMe, η -SCNR and η -
SCNRMe. 
2 2 
η -CS. and η -SCNR, as well as their alkylated forms, can be called pseudo-
allenes [34] because of the analogy of their coordination geometry to that of 
η -allene [35] (Fig.l). In defining the oxidation state of the central metal, 
2 2 2 2 
η -CS-, η -SCSR, η -SCNR and η -SCNR can be considered either as monodentate 
two electron π-donors (S=C=S, S=C=SR , S=C=NR, S=C=NR- ) or as bidentate four 
electron σ-donors (S-C=S , S-C=SR , S-C=NR , S-C=NR ). The latter formalism 
2 is used for η -SCNMe in this article. 
In an attempt to find out how the mode of coordination of SCNMe- is in­
fluenced by the oxidation state of the central metal and the nature of the other 
ligands present, we prepared Ir(III)- and Ir(I)-SCNMe complexes via oxidative 
addition of Me2NC(S)Cl· to "IrCl(PPh ) ", IrCl(CO)(PPh ) and IrK(CO)(PPh ) and 
compared these with the products obtained from the reaction of Me NC(S)Cl with 
RhCKPPh ) , RhCl (CO) (PPh ) , RhH(CO)(PPh ) and RhH(PPh ) . The coordination 
of SCNMe in some of the complexes is compared with that in corresponding SCSR 
(R = Me , Et) complexes, reported before. The preparation and geometry of bls-
2 (η -SCNMe ) complexes,not known for CS or SCNR, is described. 
see chapter IV. 
42 
A. JYIITdESIS Λ ΙΟ CHARACTER Z-,7~ ) . ')- .-„ OT^-Á- í 
EXPERIMENTAL 
I.R.spectra were obtained with Perkin-Elmer 257 and 283 spectrophoto-
meters. Η N.M.R. spectra were recorded on a Vanan T-60 and a Bruker WH-90-FT 
31 1 
N.M.R. spectrometer. Ρ { Η} N.M.R. spectra were recorded on a Vanan XL-100-
FT at 40.5 MHz., using the deuterated solvent as internal lock. 
C, Η and N analyses of the air sensitive [ir(η-SCNMe ) (CO)PPh ] , S ana­
lyses and mol. wt. determinations were performed by Alfred Bernhardt, Micro-
analytisches Laboratorium, Elbach über Engelskirchen, W.Germany. The other ana-
lyses were performed by the microanalytical department of this university. 
Table 1 summarizes the analytical data. 
Table I: Analytical data (Lheoretical values in parentheses) 
' o d e Compound /oC >H % N hS Ч и і . л і . 
t r a n o - I І г а п с - І г С І ^ ^ ^ - Ь С Т - е ^ К і Т і ^ ^ . ^ С І і С І 44 . •> ' . 4 1.5 
(45.>·) ( Ì . 6 ) ( l . i ) 
І І ( С Г ) t r a r s - i I r C H n ' - b C W r j U r O l P P h )
г
] * І . Г . С HÊ j o . 1 ι,.? 1 . ' 
(56.¿) (4.2) (1.4) 
III(CO t r a n s - ! 1пЦЦ2-ЬаГ1е )i,ÜC){?P\ )_, |+C¡"" 
V [ ΐΓ(μ-5σ4Ιΐ€
ι
,)(0θ)(ΡΡΚ ) , . 
(55.3) (4.3) ( L b ) 
Ub.¿) (3.7) (2.4) (5.6) (1141) 
lIr(n2-SCN4e)2(CC)(Prh;i)J*aF1" 10.1 3.6 
( Ί 0 . 3 ) ( i . 6 ) (3 Ρ) 
I I Rh<n( í ] 2 -SaWe ¿ )^ (PPhJ .CHCl 43 .1 4-C 3 . ; ) . J ' 1 0 c 
(43 .1 ) ( 4 . 0 ) (4 .0 ) 0 . 2 ) (096) 
' Osuometric 




The starting complexes RhHÍPPh ) [l9] ,RhH (CO) (PPh ) [19] , [irci (C Η ) ] [2θ] , 
IrH(CO)(PPh ) [19]and IrCl(CO)(PPh ) [33]were prepared according to literature 
procedures. IrCl (PPh ) was prepared in situ from [irCKC Η ) ] and 4 PPh 
[32]. Me NC(S)C1 was prepared according to [21]. The synthesis of the SCNMe 
complexes from the Rh and Ir complexes was performed under nitrogen. 
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2 
Μοηοίη -SCNMe ) complexes 
cis*-IrCl2(rí2-SCilMe2) (PPh^) 2 (cis-I) 
0.22 mmol Me.NC(S)Cl was added to a solution of 0.10 mmol [irCKC Η ) ] and 
0.40 mmol PPh, in 25 ml. of benzene. After 15 min. a brown-yellow precipitate 
of cis-I began to form. After two hours the precipitate was filtered off. 
trans-IrCl Jr\2-SCNMe2) (PPh3) 2 . 2CHCl3 (trans-I) 
Slow crystallisation of cis-I from chloroform-n-hexane gave red chrystals of 
trans-I. The presence of CHC1 was confirmed by I.R. 
trans- [lrCl(ri2-SCNMe2> (CO) fPPTz^  2] +CL~. С ¿i (ІІ(сГ) ) 
A solution of 0.17 mmol Me Nr(s)Cl and 0.15 mmol IrCl(CO)(PPh ) in 20 ml. of 
benzene was refluxed for six hours. II precipitated spontaneously as a white 
powder. The presence of C.H^ was confirmed by Η N.M.R. 
о о 
trans- [irH(r\*-SCNMe2) (CO) (PPh ) ] +сГ (ІІІ(сГ) ) 
0.12 mmol Me NC(S)Cl was added to a solution of 0.10 mmol IrH(CO)(PPh ) m 15 
ml. of benzene. Stirring for twelve hours resulted in a white precipitate of 
III (CI ) which proved to be a mixture of two isomers, IIIA and HIB ( see Re­
sults and Discussion). 
2 
trans-[lrH(n-SCNMe)(CO)(PPh)~\+BF . (IIKBF )) 
'2 3 2¡ 4' '^ >'-~4 
Addition of several drops of 40% aqueous fluorobonc acid to a suspension of 
IIIAfCl ) and HIB (CI ) in acetone produced a colourless solution, f rom which 
the isomers IIIA and HIB were precipitated as BF salts by addition of water. 
IIIA and HIB were separated via fractional crystallisation from dichloro-
metane-n-hexane, from which IIIB(BF ) crystallizes first. 
(μ- and η -SCNMe ) complexes 
\і (м-5СПМе2) (CO) (PPh2)]p (V) and Irf^-SCNMe^ (CO) (PPh^i2 (IV) 
Upon addition of a slight excess of Et N to a stirred suspension of 0.20 mmol 
of III(Cl ) m 10 ml of benzene, the colour changed via yellow and orange-red 
to purple. After four hours III(CI ) has almost completely dissolved and Et -
NHC1 has precipitated. Filtration, addition of n-hexane and cooling gave purple-
brown crystals of V. The complex is air sensitive,both in solution and in the 
solid state. If the same reaction is performed in the presence of 6 moles of 
eis- and trans- indicate relative positions of the PPh groups. 
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additional PPh per mole of Ir, a mixture of V and orange crystalline Ir(η -
J
 1 
SCNMe )(CO)(PPhJ. (IV) is isolated. The I.R. absorptions of η -SCNMe in IV 
were obtained from the I.R. spectrum of this mixture. 
2 
Bis(η -SCNMe ) complexes 
[lr(T\2-SCime2)2(CO) (PPh¿)}+Br~ (VII(BF~)) 
0.25 mmol Et N and 0.22 mmol Me NC(S)C1 were added successively to a suspension 
of 0.20 mmol of III(C1 ) in 25 ml. of benzene. After stirring for one and a 
half hour, Et NHC1 was filtered off from the yellow solution. Addition of n-
hexane resulted in a yellow precipitate, which was shown by I.R. to be a mix-
ture of IrCKn -SCNMe ) (η -SCNMe ) (CO) (PPh ) (VI) and [lr(
n
 -SCNMe2 ) 2 (CO)-
(PPh ) ] CI (VII (CI )). Addition of several drops of 40oo aqueous fluorobonc 
acid to a suspension of the yellow precipitate in aceton,produced a colourless 
solution, from which a white precipitate of VII(BF ) was obtained by addition 
of water. If the reaction of III(CI ) with Me NC(S)Cl and Et N was performed 
in benzene under reflux, partial displacement of CO occurred, and a mixture of 
2 
VIKCI ) and IrCKn -SCNMe )(PPh ) (VIII, identified by I.R.) was obtained. 
RhC L ( n 2-SC 'IMe J J PPh J .CHCl7 (IX }. 
a) 0.20 mmol Et N and 0.32 mmol Me7NC(S)Cl were added successively to a stirred 
solution of 0.15 mmol RhHÍPPh,) in 15 ml. of benzene. Et NHC1 and a yellow 
powder of RhCl(n -SCNMe ) (PPh,) precipitated simultaneously. After two hours 
the precipitate was filtered off and washed with water (removal of Et NHC1). 
Recrystallization from chloroform-n-hexane gave yellow crystals of IX. The pres-
ence of CHC1 was confirmed by I.R. In the solid state under the influence of 
light the colour of IX changed from yellow to orange. The observed change in 
colour did not result in a change in the I.R. spectrum. Because of the sensi-
tivity to light, X-ray structure determination was not possible. 
b) Upon addition of 0.42 mmol Me NC(S)C1 to a solution of 0.20 mmol RhH(CO)-
(PPh ) in 15 ml. of benzene, the colour of the solution changed from yellow 
to red and back to yellow again within 15 m m . and a yellow precipitate of 
2 
RhCKn -SCNMe ) (PPh ) was formed spontaneously. RhCl (CO) (PPh ) could be iso-
lated by addition of n-hexane. 
RESULTS AND DISCUSSION 
I.R., Η N.M.R. and P{ H}N.M.R. parameters of the thiocarboxamido com-
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Table 2: I.h. absorptions in cm 
Compound mode of 
coord. 
SCNMe? a b s o r p t i o n s 
(CsJ) 




c i s - I 
t rans—I 
и ( C l " ) 
I I I ( B F 4 " ) 
V 
VI 
Ï I I ( B F " ) 
V I I I 
IX 
c l s - I r C l 2 ( ^ 2 - S C 3 r a e 2 ) ( P P h 3 ) 2 
t r a n s - I r C l j C t ^ - S Q f f l e j H P P h ^ j 
t r a n s - [ l r C U n 2 - S C j r a e 2 ) ( C O ) ( P P h 3 ) 2 ] + C l " . C 6 H é 
t r a n s - [ ΐ Γ Η ( η 2 - S 0 M M e 2 ) ( С О ) ( P P h 3 ) 2 ] + B F 4 ~ 
ίΓΒηβ-ΐΓ(η 1 -5εΝΪ1β 2 ) (СО) ( P P h 3 ) 2 c ' 
[ i r (
w
- s c ™ e 2 ) ( c o ) ( p p h 3 ) ] 2 
I r C l ^ 1 - S C N M e 2 ) ^ 2 - S C N M e 2 ) ( C O ) ( P P h 3 ) d ' 
t l r ^ 2 - 3 C N M e 2 ) 2 ( C O ) ( P P h 3 ) ] + B F 4 -
I r C l ( r | 2 - S C N M e 2 ) 2 ( P F h 3 ) d ' 
ΗΗ01(η -SCNMe 2 ) 2 (PPh 3 ) 
t r a n e - R h C l 2 ( n 2 - S C N I I e 2 ) ( P P h 3 ) 2 e ) 
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V ( I r - C l ) , CsJ 
Ч І І М Л ) , CsJ 
2144(m,br) v ' ( l r-H) , СН 2С1 г 
1922(ra,br) V(Ii-H) , CHjCIj 
286(II>) •¿ (Rh-Cl^CsJ 




' I.R. absorptions obtained from a mixture of IV and V (see Ebrpenmental) 
' Characterized only by I.R. 
e
' Prepared according to [15]. 
















VII (BP -) 
оіз-ігсі2(п -sarae2)(pph ) 2 
• t ra j is - I rCl 2 ( ì l - S a ™ e 2 ) ( P F h ) 2 
t r a l i s - [ I rC l (η 2-3(3ΙΜβ 2) ( CO) ( P P h 3 ) 2 ] + C l " 
t r a n s - [ l r H ( n 2 - S C I l M e 2 ) ( C 0 ) ( P P h ^ 2 ] BF4-
ί Γ 3 η Β - ΐ Γ ( η 1 - 3 σ Ν Η β 2 ) ( 0 0 ) ( Ρ Ρ ) ι , ) 2 
[ l r (
w
- S C N M e 2 ) ( C O ) ( P P h 3 ) ] 2 
[Ir(n 2 -SClf f le 2 )(CO)(PPh 3 ) ] + BF 4 ~ 
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175 1 J(Rh-P) 
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1 j ( R h - P ) 
R e i . t o MS i n t . r é f . 
Re l . t o О = P(OMe) (= TMP) i n t . r é f . ƒ (ТИР, i n t . r e f ) - .$ (85$ " l ^ · e x t · " ^ ' + 2 · 3 P-P· 1 1 · ^ v a l u e s + 0.2 p . p . m . 
J v a l u e s 1 + 1 Hz 
' trans and cis indicate relative positioreof PPh, groups 
Between angles: number of protons determined from relative intensity to Ph resonances 
A and В are two different 
From 1H N.M.R. 
' Broadened singlets. 
1
' Prepared acconiing to [4J. 
isomers. A: H trans to Ξ. Β: H trans to С 
plexes are given in the Tables 2 and 3. 
Me NC(S)Cl reacts with IrCl(PPh ) (prepared in situ; see Experimental) 
in benzene to ets-IrCl (η -SCNMe ) (PPh ) (cis-1) • The cis-structure is indi-
31 
cated by the inequivalence of both PPh groups in the Ρ N.M.R. spectrum (Table 
3) . In a polar solvent like CH CI or CH.Cl. slow isomenzation to trans-
2 2 
ІгС17(л -SCNMe„)(PPh )ρ (tpans
-!) is observed, η -coordination of SCNMe , via 
С and S, in both isomers, is inferred from the similarity of its I.R. absorp-
2 
tions to the absorptions of the SCNMe group in RhCl[sc(S)NMe 1(η -SCNMe )PPh 
2 2 
and RhCl^hNC (S)NMe ] (η -SCNMe )PPh, for which η -coordination has been con­
firmed by X-ray structure analyses [θ] . In the analogous reaction of Rhcl-
2 (PPh ) with Me NC(S)C1, trans-RhCl (η -SCNMe )(PPh ) is isolated (Tables 2 
and 3) . Coram et al [is] have reported this complex (prepared by the same pro­
cedure) to be dimenc. Based on the I.R. absorptions of the SCNMe group and 
the monomeric molecular weight found by us (in CHC1 : found: 909. caled: 945), 
we think this complex to be isostructural to tvans-1 and the related RhCl9-
(η -SCSEt)(PPh ) [Ί]. A trans position of the PPh groups in all three com-
31 
plexes is indicated by the Ρ N.M.R. spectrum (Table 3). 
9 
Me NC(S)Cl reacts with IrCl(CO) (PPh ) to trans-[irCl(η -SCNMe ) (CO)-
(PPh ) J CI (II) in benzene. The course of the reaction is different from that 
observed for RhCl(CO)(PPh ) , where displacement of CO instead of CI occurs 
2 
to give trans-RhCl (η -SCNMe )(PPh ) . The relative aptitude to displacement 
for Rh: CO > CI and for Ir: Cl > CO appears to be a general phenomenon in the 
oxidative addition of Me NC(S)C1 (see below). Interestingly, the to II related, 
[lrCl(n -SCSMe)(CO)(PPh,)^] has been reported to be formed in the absence of 
additional CI [б], whereas, in the presence of additional CI , IrCl (η -SCSEt)-
(CO)(PPh ) is found [4]. Therefore it seems that SCNMe is able to become η -
coordinated via displacement of CI from Ir(III), whereas SCSMe is not. This 
2 2 
higher tendency for η -coordination also has been observed for Ru(CO) (η -SCX)-
(PPh ) (X = SMe, N(p-tol)Me) [7], and has been ascribed to higher Lewis ba­
sicity of S in SCNR caused by stronger dative ριτ-ρττ-interaction with the cen­
tral C-atom of NR compared to SR [9] . 
The product of the reaction of Me NC(S)Cl with RhH(PPh ) contains two 
η -SCNMe groups, which suggests a reaction route via two successive oxidative 
2 
additions of Me NC (S) Cl to the Rh center (Schemel ). Apart from RhCKn -SCNMe ) -
2 
PPh (IX), also trans-RhCl.ln -SCNMe )(PPh ) is isolated. In the presence of 
it 






RhHICOKPPhjíj i — 
C . 
EI3N EI3NHCI
 s | \ s 
• RhHCI(5CNMe2)(PPh3)n — ^ ^ & — » R h ( S C N M e 2 ) [ P P h 3 ) n • | Rh 
е 2 ^ г г п з ' г 
!n=2 or 3) (π-2 огЭ) 
MCjN 
(IX) 
Scheme l: The reaction of МеЖ(5)С1 with RhüíPPh^) and RhH(CO) (PPh^)
 3 
2 
Et^N, Et NHC1 precipitates, and formation of tmns-RhCl (η -SCNMe ) (PPh ) is 
prevented. This suggests that, in the absence of Et N, RhH(PPh ) reacts with 
HCl to RhCKPPh ) and Η [22]. In the reaction of Me2NC(S)Cl with RhH(CO) (PPh ) , 
RhCKn -SCNMe )(PPh ) is formed together with RhCl (CO) (PPh ) . The latter com­
plex reacts only very slowly with Me NC(S)Cl at room temperature, so that no 
2 2 
RhClotn -SCNMe )(PPh )„ is formed m this case. CO displacement from RhH(CO)-
(PPh ) probably occurs in the oxidative addition of the first Me NC(S)C1 mol­
ecule, analogous to the CO displacement from RhCl(CO)(PPh ) (Schemel ). In the 
reaction of Me NC(S)CI with RhH(PPh ) as well as RhH(CO)(PPh ) , attempts to 
isolate the intermediate hydrochloro Rh(III) complex, or the intermediate 
Rh(SCNMe_) (PPl-u) , by keeping the concentration of Me NC(S)C1 low, failed. 
2 + 
structural assignment of IX is based on analogy to [lr(n -SCNMe ) (CO)(PPh )] 
The 




In the reaction of Me NC(S)Cl with IrH(CO)(PPh ) , in contrast to the 
analogous reaction involving RhH(CO)(PPh ) , CO remains in the coordination 
sphere and the intermediate hydrido complex [lrH(n -SCNMe )(CO)(PPh ) ] CI (III) 
precipitates spontaneously in two isomeric forms (IIIA and HIB, Scheme 2), 
which can be separated as BF salts (by fractional crystallization, see Experi-
mental). Again, in the analogous dithiomethylester complex, ІгСІНІл -SCSMe)(CO)-
(PPh ),, η -coordination occurs and CI is not displaced from the coordination 
-3. 
sphere [б]. In III, the equivalence of both PPh groups in the Ρ N.M.R. spec-
2 1 
trum and the observed J(p-H) in the Η N.M.R. spectrum indicate a traws-posi-
tion of both PPh groups (Table 3) (values ranging from 12-17 Hz have been re-
2 .. po 
В suggest Η to be trans to С of the η -SCNMe group [25] (Tables 2 and 3). The 
relatively large trans-influence of this C-atom on v(M-Cl) and the M-Cl distance 
has been reported before [l] . 
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S j¿ χ 
Reaction of III with Et N in benzene gives [ir(μ-SCNMe )(CO)(PPh )] 
(V, Scheme 2) which can be isolated as brown-purple crystals. The assigned 
v(C—N) at 1503 cm (m) is clearly at lower position and intensity than v(C:_N) 
-1 2 
observed at 1613-1576 cm in the η -SCNMe Ir(III) complexes, δ(CH ) is lower 
- 1 2 
also (1382(m) compared to 1400-1410 cm in η -SCNMe ). A new absorption is 
-1 2 
found at 1129 cm , and the absorption,observed for the η -SCNMe complexes in 
the range 817-867 cm and tentatively assigned to a Ç-S vibration,is absent in 
this case (Table 2). The Ρ N.M.R. spectrum demonstrates the equivalence of 
both PPh groups, m accordance with the proposed structure. The very low value 
of ν (CO) (for a square planar Ir (I) complex [2б]) is in accordance with a posi­
tion of CO trans to S of the μ-SCNMe group. In Ir(X)(CO)(PPh ) , V(CO) is found 
at 1940-1950 cm" for X = SR and SAr [27], whereas for X = carbene, ν(CO) is 
observed at 1980 cm [28] . The expected lowering eis-influence on ν(CO) of the 
carbenoid C-atom in V, which has been reported before in Ir(I) and Rh(I)carbene 
complexes [28,29J, makes the observed ν(CO) (1930 cm ) a reasonable value. The 
structure,suggested for V, is comparable to that of [pdCl(μ-SCNMe )Ρ(OMe )] , 
which has been shown by X-ray structure analysis to contain a six-membered 
' ' r τ 2 + 
Pd-S-C-Pd-S-C ring in the boat form, and the related |_Pt (μ-SCNMe ) (PPh ) J 
(BF 4-) 2 [11,14]. 
If the reaction of III with Et N in benzene is performed in the presence 
of one equivalent of Me NC(S)Cl, no dimeric V is observed, but instead a mix­
ture of IrCKn -SCNMe ) (n -SCNMe ) (CO) (PPh ) (VI) and [lr(n -SCNMe ) (CO)-
(PPh ) ] CI (VII) is formed (Scheme 2). As can be seen from the I.R. spectrum, 
2 
upon dissolving the mixture in a polar solvent like CH CI ,immediately η -co­
ordination and CI displacement occurs in VI, so that only VII is observed 
(Scheme 2). In VI the I.R. absorptions of η -SCNMe are clearly different from 
2 -1 
those of η -SCNMe_. v(C —N) decreases in intensity and is lowered to 1494 cm 
As for V, ó(CH,) is lowered also and a new absorption at about 1130 cm is ob-
-1 
served. The absorption at 945 cm is assigned to v(C=S) , analogous to the as-
signment in PtCl(η -SCNMe )(PPh ) [ΐ4,3θ], and occurs at higher frequency than 
2 -1 
the absorptions in that range of the η -SCNMe complexes (924-911 cm ). 
The formation of V and VII from IIIA and HIB has been studied in CH CI 
31 into somewhat more detail. The Ρ N.M.R. spectrum of a solution of III in 
CDC1 shows the presence of IIIA and HIB in a ratio 2.1. Upon addition of Et N, 
IIIA is immediately converted and the single resonance of V is observed (6 = 
11 6 p.p.m.) together with a somewhat broadened resonance at &= -15.0 p.p.m., 
ascribed to the monomenc trans - Ir (η -SCNMe ) (CO) (PPh ) (IV, Scheme 2). Also 
a resonance of PPh is observed, broadened and somewhat shifted from its free 
51 
resonance position, probably because of exchange with PPh in IV (6(PPh ) rel. 
to TMP ,unshifted: +7.7 p.p.m.; observed: +6.4 p.p.m.). HIB is much slower de-
hydrohalogenated than IIIA to give the same products. If two moles of PPh 
per mole of Ir are added before addition of Et N, almost no V is observed, sug­
gesting the existance of an equilibrium between IV and V. If four moles of PPh 
per mole of Ir are added to a concentrated solution of V in CD CI , slow forma­
tion of IV is observed and after two hours 75% of the dimer has been converted 
to IV. In the H N.M.R. the two broadened singlets observed for IV indicate 
2 
hindered rotation around the C = N bond as for V and the (η -SCNMe ) Ir (III) com-
1 
plexes. In PtCKn -SCNMe ) (PPh ) also hindered rotation around the C = N bond 
has been observed [l4] . In the I.R.,besides v(CO) of V (1930 cm ) also v(C0) 
of IV is observed (1950 cm ). The occurence of a new absorption at 940 cm 
(v(C=S)) suggests η -coordination of the SCNMe group. No other absorptions 
significantly different from those of V are observed. Upon addition of Me NC-
(S)C1 to the CD CI solution of IV and V, IV is completely converted to VII 
1 31 
within one hour, whereas resonances of V are still observed in the Η and P-
N.M.R. spectrum at that time. If Me NC(S)C1 is added to a solution of V in 
CD CI,, V has still not completely been converted after two hours and, besides 
formation of VII, formation of other unidentified products is observed. So IV 
has been shown to be an intermediate in the reaction of Me NC(S)Cl with IrH(CO)-
(PPh ) to VII (Scheme 2). 
CONCLUSIONS 
Starting from Me NC(S)C1 and IrH(CO)(PPh ) , three different types of 
2 1 1 
coordination (η , η and μ) have been observed for SCNMe . Within IrCl(n -SCNMe )-
2 1 2 
(η -SCNMe.)(CO)(PPh ), η - and η -SCNMe can clearly be distinguished by I.R. 
1 
The difference in I.R. absorptions between μ-SCNMe and η -SCNMe , coordinated 
to Ir(I),is less pronounced. The dimenc [ir (μ-SCNMe ) (CO) (PPh )] is unpreced­
ented m Ir(I) chemistry and its air sensitivity makes investigation of its 
2 
reactivity towards molecular oxygen worthwhile. Whereas η -coordination seems 
to be preferred by Rh(III) and Ir(III), η and u-coordination in a square planar 
complex seem to be preferred by Ir(l). This is similar to the observed prefer­
ence for η and μ-coordination of Pd(II) and Pt(II) [l4]. The isolated Rh(III)-
2 
and Ir(III)-bis(η -SCNMe ) complexes are the first examples in this category. 
In order to reveal the coordination geometry in these complexes, an X-ray struc­
ture analysis of[lr(n -SCNMe ) (CO)(PPh )] BF was performed. 
52 
В. X-RAY DIFFRACTION STUDY OF [іг(т\2-ЗСГ1Ме J
 3(C0) (PPh )]+BF ^ 
EXPERIMENTAL 
Details concerning the experimental procedure and the solution and re­
finement of the structure can be found elsewhere [37] . 
RESULTS AND DISCUSSION 
Structural parameters derived from the X-ray data are presented in Table 
4. The configuration of the [lr(n -SCNMe ) (CO)(PPh )] ion is given in Fig­
ure 2. 
Figure 2: The configuration Oj" the [Tr>(r\ '-JCJ'le J
 r
/C0) iPPh )] ion 
53 
Table 4: Bond lengths (Ά) and Angles (C') in the [ i r fn -SCNMeJ „(CO) (PFhj]+ ion 






















































































































The X-ray structure analysis confirms the η -coordination of both SCNMe groups. 
In both SCNMe moieties, the C-S and C-N distance, the S-C-N angle and the 
angles within the Ir-C-S ring are not significantly different from those in 
other η -SCNMe groups, coordinated to Rh(III) , Mo(IV) and Mn(I) [8,9,10]. The 
Ir-C distances observed for the SCNMe groups fall at the low end of the range 
observed for Ir(III)-C 2 bonds (1.98-206 S) Гіб,17,18], and are significantly 
sp '-
longer than the Ir-CO distance in the same complex. The Ir-S distances are 
longer than other Ir(III)-S distances observed before, e.g. in IrfS.CNEt ) the 
average Ir-S distance is 2.36 A [Зб]. 
Both IrSCNMe- units are virtually planar. The largest deviation from the 
least-squares plane through the atoms Ir, 3(1), C(l), N(l), C(2), C(3) (plane I) 
is 0.07 i. for C(3), and the largest deviation from the least-squares plane 
through Ir, S(2), C(4), N(2), C(5) and C(6) (plane II) is 0.04 8 for C(4). Both 
IrSCNMe units are oriented approximately perpendicular to each other ( angle 
between plane I and plane II = 85.5 ) and roughly perpendicular to the least-
squares plane through P, Ir, C(7) and О (plane III). The angle between the 
planes I and III is 74.3 and between the planes II and III 81.9 . The Ir-P 
bond is approximately situated in plane I (distance of Ρ from this plane:0.3 A) 
and the carbonyl group is situated in plane II (distance from this plane: C(7): 
0.02 A; O: 0.03 A). The orientations of the SCNMe groups in plane I and plane 
II relative to the Ir-P and the Ir-CO bond.respectively,are given in Fig.3. 
We suggest to describe the observed geometry as octahedral, distorted 
Figure 3: The orientation of (SCNMeJ and (SCNMe ) in plane I and plane II 
relative to the Ir-P and the Ir-CO bond, respectively 
see chapter IV. 
55 
by the ring-strain within both Ir-C-S rings. 
The coordinating CS bond of (SCNMe ) is located beneath least squares 
plane III (C(l): -0.81; S(l): -2.21 R)) and the CS bond of (SCNMe ) is lo­
cated above this plane (СИ): +1.86 A; S(2): +1.21 A)). The orientation of the 
two CS bonds relative to the plane defined by the metal and the two donor atoms 
in the 18 electron Ir complex, is different from that observed for the two co-
г 2СССМе 2) 2 
2 
ordinating CC bonds in the 16 electron Rh complex, Rh(acac)(η -Me CCCMe  [Зі]. 
2 
In this complex the Rh(η -Me CCCMe ) planes also are roughly perpendicular to 
each other and the plane formed by Rh and the two donor atoms of the acetyl-
acetonato ligand. But now each coordinating CC bond is intersected by this plane, 
so that for each coordinating CC bond one С atom is situated above and one below 
2 2 
this plane. To define the structural difference:if η -SCNMe and η -Me CCCMe 
in these two complexes are both seen as bidentate, the 16 electron Rh complex 
is best described as distorted trigonal prismatic, whereas the 18 electron Ir 
complex is best described as distorted octahedral. 
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C H A P T E R IV 
FORMATION OF Rh (III), Ir(III) AND Pt(II) THIOCARBOXAMIDO COMPLEXES BY OXIDATIVE 
ADDITION OF ^C-Cl, ^C-S AND ^C-N- BONDS TO Rh(I), Ir(I) AND Pt(o) ΡΗΟΞΡΗΙΝΕ 
COMPLEXES. 
A.W. Gal, F. Vollenbroek, P. Lipsch and W. Bosman. 
SUMMRY 
Oxidative addition to RhCl(PPh ) of the ^ C-S- bond in the dithio-
carbamate esters Me NC(S)-SR (R = Me, CH^Ph), gave the (alkylsulfido)(thio-
2 
carboxamido) Rh(III) complexes RhCl(SR)(n -SCNMe )(PPh ) . Oxidative addition 
to RhCKPPh ) and Pt(PPh ) of the )c-S- bond in 1,1,5,5-tetramethylthiuram 
monosulfide Me NC(S)-SC(S)NMe resulted in the (dithiocarbamato)(thiocarboxamido) 
2 1 
complexes RhCl [SC (S) NMe ] (η -SCNMe ) (PPh ) and Pt [sc (S) NMe ] (η -SCNMe ) (PPh ) , 
respectively, and the analogous
 /C-N- bond breaking in 1,1,5,5-tetramethyl-3-
phenyldithiobiurete Me NC(S)-N(Ph)С(S)NMe , resulted in the (thioureido)(thio-
carboxamido) complexes RhCl[phNC(S)NMe ] (η -SCNMe ) (PPh ) and Pt[phNC(S)NMe ]-
(η -SCNMe ) (PPh ). Whereas in the reaction of RhCl(CO) (PPh ) with Me NC(S)-
SC(S)NMe CO displacement occurs to give RhCl[sC(S)NMe ] (η -SCNMe )(PPh ), 
in the reaction of the same molecule with IrCl(CO)(PPh ) CI displacement 
2 4- — 
occurs and [lr{SC(S)NMe }(η -SCNMe )(CO)(PPh )] CI is formed. 
The Rh(III) complexes RhCl[L'C(S)NMe ](η -SCNMe )(PPh ) (L' - Ξ, NPh) 
have also been obtained by oxidative addition of Me NC(S)C1 to the Rh(I) complex­
es (Ph3P)2Rh[L,C(S)NMe¿] . By this route, also RhCl [ph2PC (S) s] (n2-SCNMe ) (PPh ) , 
RhCl [ph2PC(S) NPh] (η -SCNMe2) (PPh3) (from Me2NC(S)Cl) and Rh(SCH Ph) [phNC (S) NMe ] -
(η -SCNMe2)(PPh ) (from Me NC(S)SCH Ph) were prepared. 
Upon insertion of CS- into the Rh-SR bond in RhCl(SR)(η -SCNMe )(PPh ) 
the (alkyltnthiocarbonato) (thiocarboxamido) Rh(III) complexes RhCl [sc (S) S R ] -
2 1 
(η -SCNMe )(PPh ) (R = Me, CH Ph) are formed. Η N.M.R. studies indicate that 
in this reaction reductive elimination of Me NC(S)SR occurs as a side-reaction. 
2 
In the reaction of RhCl(SCH Ph)(n -SCNMe )(PPh ) with CO,also reductive elim­
ination of Me NC(S)SCH Ph is observed, giving RhCl (CO) (PPh..).. Similar reductive 
eliminations are observed for Rh(SCH Ph)[phNC(S)NMe ](η -SCNMe )(PPh ). 
The molecular stuctures of RhCl[L'C(S)NMe2](η -SCNMe )(PPh ) with L' = S 
and NPh have both been elucidated by X-ray crystal structure analyses. Struc-
58 
tures for the other complexes have been assigned by I.R., H N.M.R. and P-
2 
N.M.R. The bonding within the η -SCNMe ligand is discussed and compared with 
that within S,S coordinated SC(S)NMe . A general decrease in v(CE) (E = exo-
i 1 
cyclic donor atom) on going from the C,S- coordinated pseudo-allenes (M-S-C=L;) 
to corresponding S/S-coordinated pseudo-allyls (S-M-S-C=E) is observed, and 
ascribed to smaller dative N-»C IT interaction in the latter case. 
/ ,'TRODUCTIO, 
In the last ten years, oxidative addition of the ^ C-Cl bond in a number 
of chloro-carbonyl ( ^ C-Cl) and chloro-thiocarbonyl ( ^C-Cl) derivatives to d 
(Rh , Ir ) and d (N1 , Pd , Pt ) metal phosphine complexes has been used 
2 
for the synthesis of complexes containing a bond between the metal and a sp 
hybridized carbon atom. Examples are the oxidative addition of the ^ C-Cl bond 
in the carbonyl derivatives RC(0)C1 [54], R0C(0)C1 [ss] , Me NC(0)C1 [ssj and 
the thio-carbonyl derivatives RSC(S)C1 [sôj and Me NC(S)C1 [57,13]. In the re-
action of the latter two compounds,besides the M-Cl and the M-C^ bond resulting 
from the oxidative addition, sometimes also a Μ-Ξ bond is formed by coordination 
of the thio-carbonyl S atom, giving a three membered M-C-S ring (or a M-C-S-M 
bridge). A prerequisit for M-C-S ring formation seems to be the presence of a 
CI 









strong dative ρίτ-ρπ interaction between E and the central С atom [24] . 
Recently, oxidative addition of the type described above has been cx-
s О 
tended to *C-S- and *p-0- bonds: Pt(PPh ) has been reported to react with 
S=C-S-(CH.) -S (n=¿ or 3) to (Ph^P) .Pt-C (S)-S-(CH_) -S (n =2 or 3) [бі , and the 
z n 3 2 2 n L-1 
Pt(II) andlr(III) (aryl) (carboxylato) complexes (Ph P) Pt (OCR) [ос (0) R] and IrCl-
(OCR)[oc(0) R] (CO) (PPh.) were prepared by reaction of Pt(PPh ) and IrCl(CO)-
r)9 
(PPh-.)7, respectively, with the anhydride RC(0)OC(0)R [?] . 
Rh 
We have used oxidative addition of the ^ C-Cl bond in Me NC(S)Cl to the 
(I) complexes (Ph P) Rh (L-L') (L-L' = SC(S)NMe , PhNC(S)NMe , Ph2PC(S)S and 
Ph.PCÍSjNPh; see Chapter I) and oxidative addition of the ^C-X bond in Me NC(S)X 
(X = SMe, SCH Ph, SC(S)NMe and N(PH)C(S)NMe ) to RhCKPPh ) and Pt(PPh ) for 
the synthesis of new Rh(Ill), Ir(III) and Pt(II) phosphine complexes containing 
a thiocarboxamido group (SCNMe ) together with an alkylsulfido group or a S,S, 
N,S or P,S coordinating chelate (L-L'). Whereas the ligands L-L' are observed 
to be bidentate in all the complexes, the thiocarboxamido group is found C,S-
coordinated in the Rh and Ir complexes and С coordinated in the Pt complexes. 
EXPERIMENTAL 
The instruments on which I.R., H N.M.R. and P. N.M.R. spectra were 
recorded have been mentioned in the preceeding chapters. C, H and N analyses 
were performed by the micro-analytical department of this university. The other 
elemental analyses and the molecular weight determinations were performed by 
Alfred Bernhardt, Microanalytisches Laboratorium, Elbach über Engelskirchen. 
W.-Germany. The complexes were prepared from the air sensitive starting ma-
terials under nitrogen, using Schlenk apparatus. Analytical values and mol-
ecular weights are given in Table 1. 
STARTING MATERIALS 
For the synthesis of the starting complexes RhCl (PPh ) , RhCKCO) (PPh ) , 
(Ph P)2Rh[phNC(S)NMe ] , (Ph P) Rh[ph PC (S) s] , (Ph P) Rh[ph PC (S) NPh] , IrCl(CO)-
(PPh-J and Pt(PPh ) we refer to the experimental part of the preceeding chap-
ters. RhBr(pph ) was prepared according to [ij. 
For the synthesis of Me NC(S)C1, see chapter III. Tetramethylthiuram mo-
nosulfide, Me NC (S)SC(S)NMe was obtained from Fluka (reagent grade) and recry-
stallized from CHC1 before use. The dithiocarbamic esters Me NC(S)SMe [2,з], 
Me NC(S)SCH Ph [2,3] and the dithiobiuret derivative Me NC(S)NPhC(S)NMe [4] 
were prepared by literature procedures. 
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Code Complex Colour 
trans-RhCl(SMe) (ті 2-ЗСтіе 2) ( P P h ^ . C ^ 
ігапг-ЮіСі(30Н 2 РЬ)(і | 2 -Загае 2 )(РР1і 3 ) г 
RhCl[SC(S)SMe](ii2-SCNMe2)(PPh,) 
RhCl[SC(S)SCH2Ph](li2-SCNMe2)(PPh3) 
RhCl[5C(S)SCH2Phl (Ti2-SCNMe2) (PPh3) .CHC13 
RhCllS0(5)NMe 2](^ 2-Srarae 2)(PPh 3).CH 2Cl 2 
RhCl [ РНМС(3)Ше2 ] (T,2-SCNMe2) (PPh3) 
Rh(SCH2Ph)[PhNC(S)lMe2](-ii2-SCNMe2)(PPh3) 
RhCl[Ph 2PC(S)S](^-SONMe 2)(PPh 3).0 6H 6 
RhCl[Ph2PC(S)NPh](n2-SCNMe2) (PPl^) .CgHg 
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(725) 
SYNTHESIS OF THE COMPLEXES 
Unless otherwise stated, the prepared complexes were washed with n-hexane 
and dried under vacuum. All the prepared complexes were stable in air. 
trans-RhCl (SMe) ( ^-SCNMe^ (PPh ) * (I) 
On addition of 0.15 mmol Me NC(S)SMe to a stirred solution of 0.15 mmol RhCl-
(PPh ) ., in 10 ml. of benzene, the colour of the solution became brown and a 3 3
 2 
beige precipitate of trans-RhCl(SMej(η -SCNMe )(PPh^) .C H, began to form. After 
one hour the precipitate was filtered off. In CHC1 and CH„C1 solutions, the 
1 31 
complex decomposed so quickly that no Η N.M.R. and Ρ N.M.R. parameters could 
be obtained. 
trans-RhBr(SMe)(n-Same„) (rPh¿)2 
The complex was prepared analogous to I, using RhBr(PPh ) , and was obtained as 
2 
a qreen-beiqe solvent adduct: trans-RhBr(SMe)(η -SCNMe_)(PPh,)_-C^H^. The com-2 3 2 6 6 
plex decomposes in CHC1 and CH CI . 
trans-nhCL(SCH Ph)(n2-eCVMe )(PPhJ (II) 
In a procedure similar to that for I, using toluene instead of benzene, a red-
2 
brown precipitate of ¿raws-RhCMSCH Ph) (η -SCNMe ) (PPh ).toluene was formed 
after 10 min. Stirring in benzene and precipitation with n-hexane resulted in 
the solvent free precipitate of II. As for I, the complex decomposes in CHC1 
and CH CI . 
tvans-RhBr-(SCH2Ph) (/-SCNMe ) (PPh ) 
In a procedure analogous to that for II, using RhBr(PPh ) as the starting com­
plex and benzene as the solvent, the complex had to be precipitated by addition 
of n-hexane, giving purple crystals. The complex decomposes in CHC1 and CH CI . 
RhCL[bL(3)SMe] (n-SCiVMeJ (PPh ) (III) 
2 
0.15 mmol tmrcs-RhCl (SMe) (η -SCNMe. ) (PPh,) . .C^ H,. (I) was stirred in 5 ml. of CS, 
2 3 2 6 6 2 
for 4 hours. The colour of the solution changed within a few minutes via green 
and red to orange, and orange RhCl[sc(S)SMe](η -SCNMe )(PPh ) precipitated spon­
taneously. The product was contaminated with CS (absorption in the I.R. at 
1510 cm ) which could be removed by heating in vacuo at about 60 C. 
* 
c'^ s and trans indicate relative position of two PPh groups or of PPh and 
-PPh (in the complexes VIII and IX) 
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RhBr[SC(S)SMe] (ц'-SCIlMc ) (PPh^ 
The orange complew was prepared from RhBr(pph ) , in a procedure analogous to 
that for III. 
RhCl[sC(S)SCH2Ph] (т\2-ЗСМе2) (PPh ^  (IV) 
In a procedure analogous to that for III, RhCl[sc(Ξ)SCH Ph] (η -SCNMe ) (PPh ) 
was obtained as dark-yellow crystals. The contaminating CS could be removed 
by dissolution in CHC1 , from which yellow crystals of RhCl[sc(S)SCH Ph]-
(η -SCNMe )(PPh ).CHC1 precipitated slowly. 
RhBr[sC(S)SCH Ph] (r?-SCNMeJ (PPh J 
The yellow complex was prepared from RhBr(PPh ) in a procedure analogous to 
that for IV. 
RhCl[SC(S)me^[(r\2-SCmeJ (PPh ) (V) 
0.15 mmol RhCKPPh ) and 0.15 mmol Me NC (Ξ) SC (S) NMe were stirred in 10 ml. 
of benzene for 4 hours. During this time the colour of the solution changed 
from dark-red to orange and a orange precipitate of RhCl[sc(S)NMe J (η -SCNMe )-
(PPh ) was spontaneously formed. Addition of n-hexane resulted in further pre­
cipitation of the complex. Recrystallisation of the complex from CHC1 - or 
CH Cl -n-hexane gave orange-red crystals of RhCl[sc(S)NMe ](η -SCNMe )(PPh ).X 
(X = CHC1 or CH C1-). One of the crystals of the CHC1 adduct was used for 
X-ray structure determination. 
RhBr[SC(S)NMe ](η2-SCNMe1 (PPhJ 
The orange complex was prepared from RhBr(PPh ) in a procedure analogous to 
that for V. 
RhCl [Ph!iC(S)NMe ] (rf-SCNMeJ (PPh ,) (VI) 
In a procedure analogous to that for V, RhCl(PPh ) reacted with Me NC(S)N(Ph)-
C(S)NMe to the orange complex RhCl[phNC(S)NMe ]( n -SCNMe )(PPh ). Slow re-
crystallisation from CHC1 -n-hexane gave orange crystals of RhCl[phNC(S)NMe ]-
2 (ri^ -SCNMe ) (PPh ) . 0.8 CHCl . One of these crystals was used for X-ray structure 
determination. 
2 RhBr[PhNC(S)NMe9] (η -SCNMe^ (PPh¿) 
The orange complex was prepared from RhBr(PPh ) in a procedure analogous to 
that for VI. 
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Rh(SCH2Ph) [PhNC(S)NMe2] (r)2-SCNMey) (PPhJ (VII) 
An equxmolar amount of Me NCtSjSCH^Ph was added to the orange toluene solution 
of (Ph P) Eh[phNC(S)NMe ], prepared in situ by reaction of HN(Ph)С(S)NMe with 
RhCl(PPh ), and dehydrohalogenation with Et N (see Chapter 1). Stirring for 
68 hours resulted m a green solution from which the brown Rh(SCH Ph)[phNC(Ξ)-
NMe J (η -SCNMe )(PPh ) was precipitated by addition of n-hexane and cooling. 
The complex is stable in CHC1 and CH CI and decomposes in CS. solution. 
trans-RhCl[Ph2PC(S)s](ri2-SCme¿ (PPh¿) (VIH) 
A solution of 0.22 mmol Me NC(S)C1 and 0.2 mmol (Ph Ρ) Rh[ph PC (S) s] in 10 ml. 
of benzene was stirred for 12 hours. An ochrous precipitate of Rhcl[ph PC(S)s]-
2 (η -SCNMe.) (PPh.,) .C^ H,. formed spontaneously. 
ζ J o b 
RhCl [Ph2PC(S)NPh] (rf-SCNMeJ (PPhJ (IX) 
A benzene solution of 0.42 mmol Me NC(S)Cl and 0.4 mmol (Ph Ρ) Rh[ph PC(S)NPh] 
was stirred for 12 hours. A yellow precipitate, analyzing as RhCl[ph9PC(S)NPh]-
2 (η -SCNMe ) (PPh.) .C Η formed spontaneously. Obtained in this way, IX was shown 
1 2 3 31 6 б 
by H.N.M.R. and Ρ N.M.R. to be a mixture of сгз-ІХ and trans-IX (егз and 
tr-ans indicate relative position of the ρ donor atoms). In CH CI , conversion 
of сгз-ІХ to fa-wzs-IX occurs m ca. 24 hours. Trans-TX was precipitated from 
this solution by addition of n-hexane. 
[lr{SC(S) NMe2} (ц2-SCNMe2) (CO) (PPh¿ ] +СГ (Χ) 
A solution of 0.15 mmol Me2NC(Ξ)SC(S)NMe and 0.15 mmol IrCl(CO)(PPh ) in 20 
ml. of benzene was refluxed for 3 hours. A white precipitate of [lr{sc(S)NMe }-
(η -SCNMe»)(CO)(PPh )] CI formed spontaneously. 
Pt [SC(S)№e2} (J-SCNMe^ (PPh^) (XI) 
A solution of 0.2 mmol Me NC(Ξ)SC(S)NMe and 0.2 mmol Pt(PPh ) in 10 ml. of 
benzene was stirred for 24 hours. The spontaneously formed yellow precipitate 
of Pt[sC(S)NMe ](η -SCNMe )(PPh ).C Η could be converted to yellow crystalline 
Pt[sC(S)NMe2] (η -SCNMe ) (PPhJ.CHCl by slow precipitation from CHC1 -n-hexane. 
PtiPtil.'CiSJiïMep] (r^-SCIMe^(PPh¿) (XII) 
In a procedure analogous to that for XI, yellow Pt [phNC(S)NMe ] (η -SCNMe ) (PPh ) 
was obtained from Me NC(Ξ)NPhC(S)NMe and PttPPh ) in benzene by precipitation 
with n-hexane. 
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RESULTS AND DISCUSSION 
SYNTHESIS 
The synthes i s of the complexes i s summarized in the schemes 1, 2 and 3. 
Three d i f f e r e n t s y n t h e t i c routes have been used for tne Rh complexes: 
a) oxidat ive a d d i t i o n of the thiocarboxamide d e r i v a t i v e s Me NC(S)X (with X = 
SMe, SCH2Ph, SC(S)NMe2 and N(Ph)С(S)NMe2) to RhCl(PPh ) to give the complexes 
I , I I , V and VI (Scheme 1). 
SR 
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b) ox idat ive addi t ion of Me NC(S)Cl to the Rh(I) complexes (Ph P) Rh(L-L') 
with L-L' = SC(S)NMe , PhNC(S)NMe , Ph PC(S)S and Ph PC(S)NPh gave the com­
plexes V, VI, VIII and IX. Complex VII was prepared s i m i l a r l y from Me NC(S)-
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Scherte 2 ais and ti'zns refer to posi Lion of -PPh^ and PPh various 
isomers are possible. 
The complexes VIII and IX were not prepared by route a) because Me NC(S)SC(S)-
PPh and Me NC(S)N(Ph)С(S)PPh have not been reported in the organic literature 
as stable compounds. 
c) Insertion of CS into the Rh-SR bond in the complexes I and II gave the com­
plexes III and IV (Scheme 1). These complexes were not prepared by route a) 
because Me NC(S)SCSR (R =SMe/ SCH Ph) is not known and not by route b) because 
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The reactions mentioned under a) (Scheme 1) were performed in benzene 
at room temperature and were complete within twelve hours. After this reaction 
time no reaction had occurred between RhCl(PPh ) and Me NC(Ξ)N(Ph)С(NPh)NMe . 
The oxidative addition of Me NC (S) SC (S) NMe to FthCl (CO) (PPh ) is slower than 
that to RhCl(PPh ) and displacement of CO occurs to give V. In the analogous 
reaction with IrCl(CO)(PPh ) ,C1 displacement occurs and the ionic [lr[sC(S)-
NMe }(η -SCNMe )(CO)(PPh )] CI is formed (Scheme 1). This parallels the ob­
served preference to CO displacement with M = Rh and to CI displacement with 
M = Ir in the oxidative addition of Me NC(S)C1 to M C K C O H P P h ) and MH(CO)-
(PPh ) (M = Rh, Ir) reported in Chapter III. IrCl(CO)(PPh ) was found to be 
less reactive in the oxidative addition of Me NC(S)SC(Ξ)NMe than RhCl(CO)(PPh ) : 
in benzene under reflux immediate reaction occurs with RhCl(CO)(PPh ) , whereas 
the reaction with IrCl(CO)(PPh.)„ takes about three hours. For the latter com­
plex Cl displacement, which is very unfavorable in benzene, could be the rate 
determining step. The reaction of RhCl(CO)(PPh ) with Me NC(Ξ)N(ph)C(S)NMe is 
much slower than that with Me^NC(S)SC(S)NMe : after one night in refluxing ben­
zene, an amount of RhCl [phNC (S) NMe ] (η -SCNMe ) (PPh ) has formed, but RhCKCO)-
(PPh-J- is still present. 
The oxidative additions of Me NC(S)C1 to the complexes (Ph P) Rh(L-L1), 
mentioned under b), were all complete within twelve hours in benzene. In the 
reaction of Me NC(S)SCH Ph with (Ph P) Rh[phNC(S)NMe ] in toluene, 68 hours 
reaction time were necessary to obtain complete conversion. If Me NC(S)SMe was 
used instead of Me HC(S)SCH Ph still an appreciable amount of (Ph P) Rh[phNC(S)-
NMe.] was present after this reaction time. So in the oxidative addition of 
Me NC(S)X to (Ph P) Rh[phNC(S)NMe ], a relative order of reactivity for 
X = Cl >X = SCH Ph >X = SMe is observed. 
The platinum complexes XI and XII (Scheme 3) were prepared analogous to 
the Rh complexes under a) by oxidative addition of Me NC(S)SC(S)NMe and Me NC(S)-
N(Ph)C(S)NMe respectively to Pt(PPh ) in benzene. Both reactions were com­
plete within twelve hours. Me NC(S)SCH Ph, Me NC(S)SMe and Me NC(S)N(Ph)C(NPh)-
NMe had not reacted to an appreciable extent after this time. The observed 
relative reaction rates in case of RhCl(PPh ) , RhCl(CO)(PPh ) and Pt(PPh ) 
seem to point towards a general order of reactivity Me NC(S)C1 >Me NC(Ξ)SC(S)-
NMe >He NC(S)N(Ph)C(S)NMe >Me NC (S) SCH Ph >Me NC (S) SMe >Me NC (S) N (Ph) С (NPh)-
NMe2. 
To our knowledge, the observed oxidative addition of the C-N bond in 
Me2NC(S)N(Ph)C(S)NMe to RhCl (PPh ) , RhCl (CO) (PPh ) and Pt(PPh ) is the first 
example of oxidative addition of such a bond to a group VIII low-valent metal 
complex. The observed C-S- bond breakings in Me5NC(S)SR (R = Me,CH Ph) and 
Me-NCfS)SC(S)NMe are similar to those observed in the reaction of Pt(PPh ) 
with ethylene- and tnmethylenetrithiocarbonate [6j : 
S S 
/ C \ - 2 P P h 3 P h 3 \ / C — S . . . 
PUPPhj)^ • S 5 ¿» Pt | Reaatton 1 [б] \ / / \ (CH2)n pby N s — ( C H 2 ) n 
n=2 or 3 n = 2or3 
Analogous C-O- bond breaking has been observed in the oxidative addition of 
68 
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Reaotion S [?] 
Comparison of the obtained Ir and Pt complex with [irise(S)NMe}(η -SCNMe )-
(CO) (PPh )]+Cl_ (X,Scheme 1) and Pt[sc(S)NMe ] (η -SCNMe ) (PPh ) (XI, Scheme 3) 
indicates, in case of Ir , a higher tendency to bidentate coordination of 
SC(S)NMe and SCNMe than ОС(0)CF and OCCF respectively. In case of Pt , 
only SC(S)NMe is bidentate, so the observed relative tendency to bidentate co­
ordination is: SC(Ξ)NMe >SCNMe.. Complexes, analogous to those in the reactions 
2 and 3, could very well be intermediates in the formation of X and XI: 
ph3 NMe 2 
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SPECTRAL PROPERTIES AND STRUCTURES 
700 cm 
I.R. spectral parameters of the complexes, obtained in the region 4000-
are given in Table 2. The prepared complexes can be devided in two 
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Tub Le 2: Churaebeñstio l.R. absorptions (200-700 am ; CsJ disks) 
TABLE гл. 












a) f] -SGNMe? аЪзогріюпе ю 
(С--1ІМе2) І(СН3) с-s 
M 
tran3-RhCl(SIIe)(Tl -SCNMe 2 )(PPh,) 2 
trans-l lhCl(SCH 2 Ph) (Ti2-SCNMe,) (PPh,) 
1582(s) 14O8Í111) 1225( IL) 
1400(in) 
1580(s) 1407(sh) 1220( IE) 
140l(ni) 
1 6 0 4 ( B ) 1 4 0 6 ( Б ) 1217(m) 
1 6 0 l ( s ) 1404(s) 1219(m) 
1592(a) 1394(з) 1221(га) 
I604(s) 1410(in) 122l(in) 
156S(s) 1410fw) 1224(") 
14OI(w) 
I 6 0 l ( s ) 1408(m) 1224(m) 
1594(s) 1410(m) 122l(m) 
[ I r (sc(S)NHe 2 j ( i i 2 - S a r a e 2 ) ( C 0 ) ( P P h , ) ] ' , " C l - 1622(s) 1400(s) 1214(m) 
I 6 l 3 ( s ) 1400(з) 1219(m) 
У 2 
RhCl[SC(S)SMe](-r) -SCNMe 2)(PPh,) 
Ηίια1[30(5)0Η 2ΡΚ](η 2-3αΓΜβ 2) (PPh,) 
RhCl[5C(S)NMe2](η2-30ΜΜβ2) (PPh,) 
RhCl[PhNC(S)]JMe2]( •i?-SQlMe2)(PPh ) 
Rh(SCH2Ph)[PhNC(S)NMe2](n2-SOme2)(PPh3) 
t r a n 3 - R h C l [ P h 2 P C ( s ) s ] ^ 2 - S C i r a e 2 ) ( P P h 3 ) 
t r ans -RhClfPhjPCÍSjNPhl t í í^CNMej í tPPh , ) 
Absorpt ions of SR and L—L' 
Ligand V>(=-E) or V(C=b) other absorptions 
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XII PtLPhNCtSjNMejH'V-SCNMe )(PPh ) 
t r a n s - P t C l ( ' h 1 - 3 a i M e 2 ) ( P P h ) 2 c ' 
η -SCRMe- a b s o r p t i o n s 
O ( c ^ N M e 2 ) <i(CH 
1497(3h) 1369(m) 1237(m) 
1119(m) 
1466(111) 136B(ni) 1240tin) 
1113(ra) 





Absorpt ions of L-L· 
Ligand V(0=;E) 
Pht:c(S)'ffle2 1555( = ) l)(C--HMe2) 
other absorptions 
1402(e) 1252(s-i) 11C3(m) 969(m) 
1590(in) 1_368(s) 1207(ill) 1113(n) 360(sti) 
a) eis- and trans indicate relative position of two FPh, groups or of PPh, and -
Absorptions which were assigned to botn 3CNMe„ and L-L1 are underlined (see 
Prepared according to [8]. 
Assignments based on [5]· 
text). 
categories: The Rh(TII) and Ir(III) complexes given in Table 2k, which contain 
2 1 
а Л -SCNMe group and the Pt(II) complexes in Table 2B, containing a η -SCNMe9 
ι 
group. In Table 2B, PtCl(n -SCNMe.)(PPh )_ [із] has been included for reference. 
2 
The η -coordination via С and Ξ in the complexes in Table 2A is indi­
cated by the high value of v(C —NMe.) for the SCNMe group (1568-1622 cm ). 
2 
For the Rh(III) and Ir (III) η -SCNMe complexes reported in Chapter III, 
-1 
v(C—NMe ) was observed in the range 1576-1625 cm . The frequency of 6 (CH ) , 
2
 -1 Ξ 2 
assigned to the SCNMe group above 1390 cm , is also in accordance with η -
2 
coordination. In the η -SCNMe complexes in Chapter III & (CH ) was observed 
between 1400 and 1410 cm . The observed bands in this region for the complexes 
m Table 2A are probably not solely due to 6 (CH ) of the SCNMe group, because 
absorption due to б (CHJ of SCH„Ph and δ (CH,) of SMe, SC(S)SMe, SC(S)NMe„ and 2 2 s 3 2 
PhNC(S)NMe are also expected in this region [β]. When other peaks of SCNMe 
and L-L' are thought to coincide, these have been underlined in the Tables 2A 
and 2B. The low value and medium intensity of v(C —NMe ) in the Pt complexes, 
the low value of δ (CH.J and the absence of absorptions in the range 810-
-1 I s 3 870 cm indicate η -coordination for the SCNMe. group. 
The absorptions of the methylsulfido group in I compare very well with 
those in other methylsulfido complexes, prepared before [9,10], e.g: in [мп-
(CO) .SMe] : 2915(w), 1428(m), 1315(w) and 935(w). No absorptions could be as­
signed to the SCH.Ph group in complex II. Chemical evidence for the presence 
of an alkylsulfido group m the complexes I and II comes from their reaction 
with CS„. The I.R. absorptions of the methyl- and benzyltnthiocarbonato 
ligands in the complexes III and IV, formed by this insertion, are given in 
Table 2A. The two absorptions between 900 and 1000 cm agree very well with 
those assigned in other complexes, e.g: Co(S-CSMe) : 981(s), 920(s) fill; 
[Fe(S2CSCH2Ph) (SCH Ph)] : 984(s), 965(s) [l2]. They are expected to have 
v(C — SR) character, although probably mixing with endocyclic v(C —Ξ) occurs 
[ll,12]. 
The absorptions of the chelates (L-L1) in the complexes V-IX are very 
close to the absorptions of the same chelates m the corresponding Rh(I) com­
plexes (Chapter I). There seems to be no clear increase of v(C—E) on going 
from Rh(I) to Rh(III) (compare Table 2 in Chapter I with Table 2 m this Chap­
ter). The effects on v(C-E) of changing one of the ligands within a Rh(III) 
complex (compare VI and VII) are at least of the same magnitude. The value of 
v(C — NMe ) in V is comparable to that reported for Rh[sc(S)NMe ] (1520 cnT , 
nu]ol) [14]. 
The high value of v(C—NMe ) of the SCNMe. and the SC (S) NMe. group in 
71 
the cationic Ir-complex seems to indicate that the positive charge is localized 
largely in both partial double C—NMe bonds. This could result from a decreased 
ІГ-+С άπ-ρπ back-donation and increased S+Ir ρττ-ριτ donation upon introduction 
of the positive charge. A similar effect is observed when V is converted by re-
2 
action with NaBPh,, in CHC1, to the five-coordinate [Rh{SC (S) NMe } (η -SCNMe )-
4 3 _i -1 (PPh )l+BPh " (ΧΙΠ) which has v(C^NMe.) at 1613 cm for SCNMe and 1550 cm 3 J 4 ι ¿ 
for SC(S)NMe (Table 2). Interestingly, by dissolving this yellow complex in 
acetone, N-N-dimethylthioformamide and pyridine, followed by slow crystalliza-
tion through addition of n-hexane, the 1:1 adducts [Rh{SC (S) NMe2} (η -SCNMe^-
(PPh )]BF X, with X = MeC(0)Me (yellow), SC (H) NMe2 (red) and C ^ N (red) can 
be isolated. The yellow colour of the acetone adduct contrasts with those of the 
other two, and seems to indicate that acetone is not coordinated. This interpre­
tation is supported by the absence of a shift in v(C—NMe2) in the acetone ad­
duct relative to XIII, and the unshifted position of the acetone absorption 
(Table 3). In the thioformamide and pyridine adduct a clear shift m ν (С— NMe,,) 
Table 3: Coordinative uneatucation in [RhiSClSÌMe^ln -SCNMe2) (PPh J ] ; 
influence of adduct formation on vfC—NMe») (cm , CsJ disks). 
Compound 
v)(o — m e 2 ) 
SC(S)lWe2 SCNMCj 
relevant absorption 
of solvent molecule 
[Rh|sc(S)NMe2|(li2-SCtrae2)(PPh5)]+BFi(" (XIII) 
[Hh|Sc(S)NWe?|(iig-SCHMe;1)(PPhj)]+arj|".MeC(0)Me 
[ Rhlsc(S)HMe2\ (t|2-SCHMe2) (SC(H)¡ffle2) (PPhj) i V ^ " 
[Rh|bC(S)ime2)^2-SCinJe2)(C5H5N)(PPh3)]+HP4" 
MeC(0)Me 
























' M = Ре 1 1, Co 1 1 and others 
solvent molecule underlined 
is observed, and the assigned thioformamide absorptions indicate S-coordination 
(Table 3). Suggested structures for [PhtSC(S)NMe }(η -SCNMe )(PPh )] and 
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[Rh{sc(S)NMe }(η'-SCNMe.) {sc(H)NMe }(PPh ) ] a r e g i v e n i n Scheme 4 . 
MeoN. s — С V i I 
Rh—S 
Ррьз 
( X I I I ) 
ΝΜβ2 
© NMe2 N M ^ 
' / 
S = C Me2N s-" \ 
H >
χ
 | / S
 H 
• I Rh / 
ь' I x s —с 
Pphg NMe2 
Θ 
Scheme 4: Suggested structures for [Rh{SC(S)!JMe0)(r\ -SCWeJ (PPh ,)\ and 
' —
—
 ? + 
\ЕЫ5С(3);Ше }(τ\ -IClMe.J {SCfHjNMe^fPPhJ ] 
The a s s i g n e d v(M-S) and v(M-Cl) v i b r a t i o n s i n t h e f a r I . R . r e g i o n a r e 
g i v e n i n T a b l e 4 . 




I t r a n s - R h C l ( S M e ) ( η -SCNMe ) ( P P h ) 
I I t r a n s - R h C l ( S C H 2 P h ) ( η -SCNMe ) ( P P h ) 
I I I t r a n s - R h C l [ s C ( S ) S M e ] (η -SCNMe ) (PPh ) 
IV t r a n s - R h C l [ s C ( S ) S C H Ph] (η -SCNMe ) (PPh ) 
V RhCl[sC(S)NMe ] (η -SCNMe ) (PPh ) 
VI RhCl[phNC(S)NMe ] (η -SCNMe ) (PPh ) 
VII Rh (SCH Ph) [phNC(S)NMe ] (η -SCNMe ) (PPh ) 
V I I I t r a n s - R h C l [Ph P C ( S ) s ] (n"-SCNMe ) (PPh ) 
IX t r a n s - RhCl[ph PC(S)NPh] (η -SCNMe ) (PPh ) 
X [lr{SC(S)NMe }(η -SCNMe ) (CO) (PPh ) ] + C 1 _ 
X I I I [Rh{SC(S)NMe„}(η -SCNMe ) ( P P h , ) ] BPh 2 2 3 -1 4 
XI Pt[sC(S)NMe ] (η -SCNMe ) (PPh ) 
Not assigned, because a large shift of the absorption between 400 and 300 cm 
was observed upon replacement of Cl by Br Not assigned, see text 
c) -1 






























In the η -SCNMe complexes of Chapter III, which contain no other S-co-
2
 -1 
ordinating ligands, only very weak absorptions at 330-300 cm are observed in 
the region 400-300 cm" . Confirmation of the assignment of ^(Rh-Cl) in I, II, 
V and VI was obtained from comparison with the bromine analogues, prepared from 
RhBr(PPh ) . For V and VI X-ray structure determinations revelled CI to be 
trans to C. Because of the value of v(Rh-Cl) comparable to that for V and VI, 
a position of CI trans to С is also assumed in the complexes I, II, VIII and IX. 
v(Rh-Cl) with S in trans position would be expected at 305-280 cm (see Chapter 
V). v(Rh-Cl) with CI trans to PPh would be expected at 300-250 cm' [19], but, 
31 
based on the Ρ N.M.R. measurements, this arrangement can be excluded for I, 
II, VIII and IX. Although v(Rh-Cl) could not be assigned for III and IV (see 
Table 4) a position of CI trans to С is assumed by anology to V and VI (Scheme 
1). 
Table 5 gives the Η N.M.R. and P{ HJN.M.R. data of the complexes. The 
two methyl proton resonances of the η -SCNMe (Rh , Ir ) complexes as well 
as the η -SCNMe Pt complexes are in accordance with the observations in Chap­
ter III and indicate hindered rotation around the C —NMe bond [l3,20j. As in­
dicated in footnote g) to Table 5, for both Me resonances in the Pt complexes 
195 
XI and XII, satélite peaks are observed due to coupling with Pt (33.8% abun-
dance) . By anology to earlier assignments the methyl resonance with the highest 
coupling (^ 7Hz,· low field singlet) is assigned to Me trans to Pt in the 
Pt-^  -Me 
„— C-N fragment. The insertion of CS» into the Rh-SCH„Ph bond in II to give 
S ^" Me 2 2 
IV is accompanied by a strong decrease in T(CH_) (1.9 p.p.т.), which probably 
reflects the increased positive charge on SCH Ph in the latter complex. 
The occurence of one PPh resonance in the Ρ N.M.R. spectrum of II in-
1 
dicates a trans position of the PPh groups. The values of J(Rh-P) for PPh in 
VIII and trans-ix. indicate a irans-position of both Ρ donor atoms as in II 
(Scheme 2). Because of the inequivalence of both Ρ atoms in VIII and trans-IX, 
2 
J(P -P ). can be observed. Its magnitude (average: 510 Hz) is comparable 
to that of J(P ,-P_). in RhCl,(C0) Грн (t-Bu) _1 _, obtained from Η N.M.R. 1 2 trans 3 2J2 
(490 Hz) [21], but clearly different from J(P -P ) . in cis-IX (24 Hz). The 
nature of the atoms trans to РРЬз and -PPh^ in еге-ІХ are not known. Especially 
the very high value of J(Rh-P), even higher than in the corresponding Rh(I) 
complexes (Chapter I), is puzzling. If the mixture of cis-and trans-IX, obtained 
from benzene (see Experimental) is dissolved in CD CI , Η N.M.R. and Ρ N.M.R. 
indicate slow cis-trans isomenzation, which is complete m ca. 24 hours. The 
position of PPh trans to S and NPh in V and VI, respectively, was established 
by x-ray structure determination (see below). The very similar values of J(Rh-P) 
in both complexes are in accordance with the nearly equal trans-influence of s 
74 
1H N.M.R. а' '
1
Р N.M.R. b ) 
Compound 
Г (НИе other protons ' 
assignment 
s o l v e n t ¿(F) 1 j ( n h - P ) atom or 2 J ( P - P ) 
group t r a n s 
t o Ρ atom 
trana-r !hCl ? ("n - S a r a e 2 ) ( P P h , ) 2 
I I tran3-RhCl(SC4 2 Ph)( '>i ? -3CKMe 2 )(PPh,) 2 
I I I rthCl|SC(o)SKeJ(T|2-San.ie2)(PPh3) 
IV RhCliSc(S)3CH 2PI-J(-ii 2-Scmie 2)(PPn,) 
V HhCl| bC(3)NHe 2) (li2-SCîrae2) (PPh ) 
VI i ihCl[Pn; ,c(3)u: ;e 2]( 'H 2-Srir io 2)(PPh,) 
,ih(3CK2№)(PiHC(3)>n.lo,J(>1 '?-3Cirac2)CPPH ) 
t ra r ,b- I îh0l fPh 2 FC(S)Sj (> 1 2 -3a™e ? ) (PPn, ) а ' 
t ranr,-HhClLPh 2 FC(S) ! ;Phj(T | 2 -Sa." 'e 2 )(PPh.) 
cis -DhCHPhjPOCSjUPhJÍ^-SOmej í ÍPPh^) 
| i rLso(3 )mie 2 ] ( t 1 2 -3a« i . i e 2 ) (PPh 3 ) ] ' , "c i -
Pt[sc(S)NMe2](n'-SCNMOj)[PPh3) 
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P h 2 F -
Р ц Р 
503 
J ( P 1 - P 2 ) t r a n s 
518 
3(Р^-Р2) t r a n s 
2 ^ 
^ ( P ^ P j ï c i s 
T" in p .p . ra . r e l . t o TMS i n t . r e f . Number of p r o t o n s , de te rmined from i n t e r m t y r a t i o t o Ph r e s o n a n c e s , between a n g l e s ; ε <= s i n g l e t , br = broadened 
' cS m p . ? . τ ι . r e l - t o T T (О = P(OMeK) i n t . r e f . ·, J i n Hz. 
Ph resonances are observed as complex bands between t = 1.5 and 3.5 p.p.m. 
cis and tranr refer to relative oosition of two PPh. groups or PPh, and -PPhj O n tne coirolexes Л11 and IX). 
Decomposes slowly in CDC1, to ΐΓΒτ-.ε-ΙϋίΟΙρΟηΖ-ΞΟίΓΤ.'ε?) (PPh.Jp-. Trano-ahCl(SMe) (•h2-SCN:.le-,) decomposes immediately in CDCU or CD0Cln (spe text). f ) 31 ƒ 1 l ^ J < - i d _> ¿ с 
Ρ \ Hr(..M.R. spectrum was not recorded. 
e
' For both Ginßlets two satei ite peaks due to coupling with 9::>Pt are observed. Low field singlet: '^(PtCNCH)--' 7Hz; high field singlet: ^JÍPtCNCH)^/; Hz. 
n) Not aLs i fnöd . 
and NPh, established in Chapter I. Because the value of J(Rh-P) in IV is com­
parable to that in V, a trans position of PPh and S of the trithiocarbonato 
ligand is assumed (Scheme 1). 
1 2 
The J(Rh-P) values for PPh in the Rh(III) complexes irans-RhCl (η -
1 
SCNMe ) (PPh ) , V, VI, VIII and τΡαηβ-ΙΧ, are 65-71°6 of the J(Rh-P) values in 
the corresponding Rn(I) complexes, with the same atoms in trans-position to the 
PPh groups (Figure 2 Chapterl). This seems in accordance with the expected de­
crease in s-character of the Rh-hybnd orbitals to 66Ό, due to the increase in 
coordination number from 4 to 6. The order of irans-influence -NPh, S >-PPh , 
PPh is in accordance with that observed for the corresponding Rh(I) complexes. 
1 
Interestingly, the decrease in J(Rh-P) of the PPh group is accompanied by a 
upfield shift in δ of +13.2 to +23.2 p.p.m., depending on the trans-atom. For 
the -PPh group, with PPh trans, the upfield shift (average: +23.6 p.p.m.) 
is much larger than for the PPh group, with -PPh trans (average: +13.0 p.p.m.) 
THE X-RAY STRUCTURES OF RhCl[sc(Ξ)NMe ](η -SCNMe )(PPh ) (V) AND RhCl[phNC(S)-
NMe
;
] (η -SCNMe ) (PPh ) (VI) 
C2 H: 
Figure J : Molecular configuration of RhCl[SC(S)NMe ](ц -SCNMeJ (PPhJ 
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Figure 2 : Molecu La/> configuration of RhCl[phiVC(S)NMe9] (ц"-ЗСтеп) (PPh ) 
The molecular structures of V and VI, as determined by complete X-ray struc­
ture analysis are shown m the Figures 1 and 2. The most important bond dis­
tances and angles are given in the Tables 6 and 7. Details about the experi­
mental procedure and refinement can be found elsewhere [22,23]. 
a) The thiocarboxamido group 
As observed for [lr(n -SCNMe 1 (CO)(PPh )] (Chapter III) the C-S and 
2
 J , , 
C-N distance, the S-C-N angle and the angles within the Rh-C-S ring in both V 
2 
and VI are not significantly different from those in other η -SCNMe complexes 
[24,25]. The Rh-C(l) and Rh-S(l) distances in V are not significantly different 
from the Rh-C(l) and Rh-S(l) distances, respectively, in VI. The nitrogen atoms 
m both thiocarboxamido groups are essentially trigonal. The C-N distances 
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Table 6: Bond distances (%) and angles (0 ) in RtiCl[3C(S):Me2](n -SClMeJ (PPh.) 
(V) 
Coordination of the rodium 
Rh-s(l) 2.432(5) Rh-S(3) 2.3Qy(5) Rh-P 2.292(5) 
R h_ S(2) 2.322(5) Rh-Cl 2.477(5) Rh-C(1) 1.895(16) 
S(l)-Rh-S(2) 152.4(2) S(2)-Rh-S(3) 73.3(2) S(3)-Rh-P 169.2(2) 
S(l)-Rh-S(3) 95.3(2) S(2)-Rh-Cl 92.3(2) S (3)-Rh-C (1) 88.4(5) 
S(l)-Rh-Cl 113.0(2) S(2)-Rh-P 96.3(2) Cl-Rh-P 94.1(2) 
S (1)-Rh-P 92.9(2) S(2)-Rh-C(l) 111.2(5) Cl-Rh-C(l) 154.7(5) 
S(l)-Rh-C(l) 42.3(5) K(3)-Rh-Cl 89.3(2) P-Rh-C(l) 92.9(5) 
Tho thlocarboxamldo llgand SCNMe^ 
S(l)-C(l) 1.64(2) N(l)-C(l) 1.31(2) N(l)-C(2) 1.49(3) 
N(l)-C(3) 1.47(3) Rh-S(l)-C(l) 51.1(6) Rh-C(l)-S(l) 86.7(7) 
Rh-C(l)-N(l) 143(1) S(l)-C(l)-N(l) 131(1) С(1)-Ν(1)-С(2) 121(2) 
C(l)-N(l)-C(3) 120(2) C(2)-N(l)-C(3) 120(2) 
The dithiocarbamato llgand sr(S)NMe 
S ( 2 ) - C ( 4 ) 
N ( 2 ) - C ( 5 ) 
R h - S ( 3 ) - C ( 4 ) 
S ( 3 ) - C ( 4 ) - N ( 2 ) 
C ( 5 ) - N ( 2 ) - C ( 6 ) 
1 . 7 0 ( 2 ) 
1 . 4 3 ( 3 ) 
8 6 . 3 ( 6 ) 
1 2 4 ( 1 ) 
1 1 7 ( 2 ) 
S ( 3 ) - C ( 4 ) 
N ( 2 ) - C ! 6 ) 
S ( 2 ) - C ( 4 ) - S ( 3 ) 
C ( 4 ) - N ( 2 ) - C ( 5 ) 
1 . 6 8 ( 2 ) 
1 . 4 3 ( 3 ) 
1 1 2 . 5 ( 9 ) 
1 2 1 ( 2 ) 
N ( 2 ) - C ( 4 ) 
R h - S ( 2 ) - C ( 4 ) 
S ( 2 ) - C ( 4 ) - N ( 2 ) 
C ( 4 ) - N ( 2 ) - C ( 6 ) 
1 . 3 4 ( 2 ) 
8 7 . 9 ( 6 ) 
1 2 3 ( 1 ) 
1 2 2 ( 2 ) 
Coordination of the phosphorus 
p-C(7) 1.79(2) P-C(8) 1.82(2) Р-С(У) 1.81(2) 
Rh-P-C(7) 115.9(6) Rh-P-C(8) 111.7(6) Rh-P-C(9) 115.8(6) 
С(7)-Р-С( ) 105.3(8) C(7)-p-C(9) 101.8(9) C(8)-P-C(9) 105.1(8) 
78 
Table 7: Bond distances (%) and angles (0 ) in RhCl \phNC(S)NMe0] (r\2-SC;iMe ) (PPhJ 
(VIJ 
Coordination of the rhodium 
R h - S ( l ) 2 . 4 1 9 ( 5 ) R h - C l 2 . 5 1 1 ( 5 ) R h - N ( 3 ) 2 . 1 2 4 ( 1 2 ) 
R h - S ( 2 ) 2 . 3 7 1 ( 5 ) R h - P 2 . 2 9 2 ( 5 ) R h - C ( l ) 1 . 9 5 5 ( 1 7 ) 
S ( l ) - R h - S ( 2 ) 1 5 1 . 7 ( 2 ) S ( 2 ) - R h - C l 9 2 . J ( 2 ) C l - R h - N ( 3 ) 0 8 . 9 ( 4 ) 
S i l ) - R h - C l 1 1 1 . 3 ( 2 ) S ( 2 ) - R h - P 1 0 1 . 4 ( 2 ) C l - R h - C ( l ) 1 5 3 . 1 ( 5 ) 
S ( l ) - R h - P 9 1 . 0 ( 2 ) S ( 2 ) - R h - N ( 3 ) 6 7 . 7 ( 4 ) P - R h - N ( 3 ) 1 6 7 . 6 ( 4 ) 
S ( l ) - R h - N ( 3 ) 9 6 . 3 ( 4 ) S ( 2 ) - R h - C ( l ) 1 1 0 . 6 ( 5 ) P - R h - C ( l ) 9 1 . 5 ( 5 ) 
S ( l ) - R h - C ( l ) 4 3 . 1 ( 5 ) C l - R h - P 9 7 . 9 ( 2 ) N ( 3) - R h - C ( 1 ) 0 7 . 0 ( 6 ) 
S ( l ) - C ( l ) 1 . 6 6 ( 2 ) N ( l ) - C ( l ) 1 . 3 2 ( 3 ) N ( l ) - C ( 2 ) 1 . 4 0 ( 3 ) 
N ( l ) - C ( 3 ) 1 . 5 0 ( 3 ) R h - S ( l ) - C ( l ) 5 3 . 4 ( 6 ) R h - C ( l ) - S ( l ) 8 3 . 5 ( 8 ) 
1 3 4 ( 2 ) 
1 1 7 ( 2 ) 
C ( l ) - N ( l ) - C ( 2 ) R h - C ( l ) - N ( l ) 1 4 2 ( 2 ) S ( 1 ) - С ( 1 ) -Ν ( 1 ) 1 3 4 ( 2 ) С ( 1 ) - Ν ( 1 ) - С (2) 1 2 1 ( 2 ) 
C ( l ) - N ( l ) - C ( 3 ) 1 2 2 ( 2 ) C ( 2 ) - N ( l ) - C ( 3 ) 
The phenylthloureido llgand PhNCtSJNMP. 
S ( 2 ) - C ( 4 ) 
N ( 2 ) - C ( 4 ) 
R h - S ( 2 ) - C ( 4 ) 
R h - N ( 3 ) - C ( 4 ) 
R h - N ( 3 ) - C ( 7 ) 
C ( 4 ) - N ( 3 ) - C ( 7 ) 
1 - 7 1 ( 2 ) 
1 . 3 5 ( 3 ) 
8 0 . 9 ( 6 ) 
1 0 0 ( 1 ) 
1 2 4 ( 1 ) 
1 3 0 ( 2 ) 
N ( 2 ) -
N U ) -
S ( 2 ) · 
Ξ ( 2 ) ' 
N ( 2 ) 
-С (5) 
- C ( 6 ) 
- C ( 4 ) -
- C ( 4 ) -
- C ( 4 ) -
- N ( 2 ) 
- N ( 3 ) 
- N ( 3 ) 
1 . 4 8 ( 3 ) 
1 . 4 3 ( 3 ) 
1 2 Ы 2 ) 
1 1 1 ( 2 ) 
1 2 4 ( 2 ) 
N ( 3 ) -
N ( 3 ) -
C ( 4 ) -
C ( 4 ) 
C ( 5 ) 
-C'(4) 
- C ( 7 ) 
- N ( 2 ) -
- N ( 2 ) · 
- N ( 2 ) -
- C ( 5 ) 
- C ( 6 ) 
- C ( 6 ) 
1 . 3 3 ( 2 ) 
1 . 4 3 ( 2 ) 
1 1 6 ( 2 ) 
1 2 4 ( 2 ) 
1 1 8 ( 2 ) 
Coordination of the phobphorue. 
P-C(8) 1.83(2) P-C(9) 1.85(2) P-C(IO) 1.84(2) 
Rh-P-C(8) 115.7(6) Rh-P-C(9) 110.0(6) Rh-P-C(lO) 117.4(6) 
C(8)-P-C(9) 105.3(8) C(0)-P-C(10) 102.2(8) C(9)-P-C(10) 105.0(8) 
79 
(1.31 and 1.32 are similar to the C-N distances in tertiary (M-C(NR )-) and 
secundary (M-C(H)NR ) ammo-carbene complexes (1.29-1.38 А) [2б] and typical 
organic amides [27] . This is in accordance with the hindered rotation around 
the C-N bond and shows the presence of substantial dative ρπ-ρπ interaction 
between N and C. 
2 
As pointed out before, the geometry of η -SCNMe ligands is comparable 
with that observed for side-on coordinated aliene complexes (cf: RhI(H C=C=CH )-
(PPh,);, [28] and Rh(acac)Me C=C=CH ) [29] and for η -CS complexes (cf: Pt(CS )-
(PPh ) [30] and Pd(CS2)(PPh ) [зі]. The C-S distances (1.64(2) 8 and 1.66(2) 
A) are not significantly different from the C-S distance in the CS complexes 
of Pd (1.65(3) 8) and Pt (1.72(5) 8). In all cases there is substantial distor­
tion from trigonality for the metal coordinated carbon. The Rh-C distances we 
found (1.895(16) i and 1.955(17) 8), are shorter than those reported for Rh(I) 
and Rh(III) amino-carbene complexes (1.96-2.01 A) [26,32,33] and for other 
Rh-C(sp ) bonds (1.96-2.00 8) [34-3б]. They are also shorter than the Rh-C dis­
tance in Rh-(n -aliene) (2.04-2.07 8) [28,29], Rh-alkene (2.13-2.19 8) and per-
fluoroalkene (2.00-2.03 8) complexes [37,38], but still longer than the Rh-C 
distance in Rh(III) carbonyl complexes. 
The Rh-S(l) bonds are significantly longer than than the Rh-S(2) bonds 
trans to it suggesting weaker bonding. The C(l)-S(l) distances reflect consider­
able multiple bonding, comparable to that in the SC(S)NMe and PhNC(S)NMe frag­
ments. 
b) The thioureido group 
Although a host of crystallographic data concerning metal complexes with 
dithiocarbamate S,S'-coordination has been published in the past [39,40], the 
X-ray structure determination of VI is the first involving analogous thioureido 
N,S-coordination. The thioureido ligand is virtually planar. The deviations 
from the least squares plane through the atoms are (in 8): 0.0 for Rh, 0.2 for 
3(2), -0.1 for N(2), -0.1 for N(3), -0.1 for C(4), 0.2 for C(5) and -0.1 for 
C(6) . 
Substitution of S in SC(S)NMe by NPh results in a decrease of 5.8(5) 
m the bite angle at Rh. The bite distance S(2)-N(3) in VI is 0.30(2) 8 shorter 
than the S(2)-S(3) distance in V. The S(2)-C(4), N(2)-C(4) and N(3)-C(4) dis­
tances witness to considerable double bond character. There is no significant 
f-overlap of N(3) with the aromatic ir-system of the phenylgroup, as demonstrated 
by its rotation about the N(3)-C(7) bond (torsion angle: 60 ) and the single 
bond value of N(3)-C(7): 1.43(2) 8. The Rh-N distance of 2.124(12) 8 is sigmfi-
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2 
cantly longer than Rh(III)-N(sp ) distances reported for five-membered planar 
chelate rings (2.021-2.057 8 [32,35,36]) in which Rh-N απ-ρπ overlap has been 
invoked. A similar increase (~5%) has been observed for M-S distances on going 
from a four-atom to a five atom M-S containing chelate ring and has been ascribed 
to poorer metal-ligand overlap [4l]. The Rh-N distance compares well with earlier 
reported single-bond Rh(III)-N(sp ) distances of 2.09-2.12 A in pyridine com­
plexes [42,43]. 
c) The Rh-P and Rh-Cl diqtance 
The Rh-P distance in V is not significantly duferent from that in VI, 
in accordance with the idea that the similar values of J(Rh-P) for PPh trans 
to S (in V) and PPh, trans to NPh (in VI) reflect a similar Rh-P bond strength 
(see Chapter I). The Rh-P distance in VI is virtually the same as the Rh-P bond 
trans to pyridine in RhCl·., ( C ^ N ) _ Γρ (O-C^H Me) „ (0-C,H CH ) 1 [42] . 
The Rh-Cl distance in V (2.477(5) 8) and VI (2.511(5) 8), showing the 
irans influence of C(l), are intermediate to the Rh-Cl distances for CI trans 






H.CH.)] (2.531(4) 8) [42] and CI 2 6 5 2 L 6 4 2 b 4 2 J L - 1 
trans to C(carbene) in RhCl (PEt ) (CHNMe ) , (2.445(3) X) [2б] . 
2 
DISCUSSION OF THE BONDING OF THE η -SCNMe LIGAND 
The structural data of the SCNMe, ligand bonded side-on to a metal centre can 
be described with the resonance structures 
® 
NR, NR2 NRo 
M — с M = C M — с 
Il \l \l 
s s s 
(a) (Ь) (c) 
Methylation of the S atom of the SCNMe group in Μη(η -SCNMe )(CO) (PPh ) [24] 
has been shown to occur with retainment of the η -coordination and is accom­
panied by a lengthening of the C-S bond (1.602(6)—* 1.784(6) A) and a shortening 
of the M-C bond (1.924(6)—» 1.843 ( 17) 8) and the M-S bond (2.404(3)-*2.363(6) 8) 
This is in accordance with the expectation that after methylation structure (a) 
is of minor importance. 
At this point we would like to point out the interesting relation between 
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Table 8: Comparison of \>(CE) in pseudo-aliene (SCS) and pseudo-allyl (SC(S)E) complexes 
p s e u d o - a l i e n e 
complex 




Δ [υ (CE)] 
[45] 1 7 2 7 ( s ) (Ph P ) 2 P t C=0 
S 
[ « ] 
( P h , P ) , P t : I [45] I I S K · , ) (Ph M e P ) 2 P t C=S [44] 1053 (s) 
© 
SEt 
t r a n s - C l 2 (Ph P ) 2 R h ^ l 
S 
[ « ] 
, s 4 © 9 7 2 ( s ) 
926 (m) 
( P h 3 P ) 2 P t ^ | 
Θ 
[45] 1 6 5 3 ( s ) (PPh ) , P t ^ C=NMe [4 β] 1585 (s) - 6 
1 6 0 9 ( s ) 
Sv © 
1 5 4 1 ( s ) 
Θ 
C l [ s C ( S ) N M e 2 ] ( P h j P l R h ^ l 1592(s) 
,s4 © 1524(s) 
trans-ci(co) (phjPIjIt^l [47] 1598(5) trans-ci(co) (Ph,P).ir, c=c(CF,), [47І I519(s) 
3 2 ^ s ^ " 3 2 L 
. ^ ' " з ' г 
(Ph PJjPt' | 
S 
[47] 1575 (s) (PhjPljPt"' ^С=С(СГ 3) 2 [17] 1522(s) 
:this work trans indj.cates trans-position of the PPh groups for specification of the medium used for recording see references 
c) 
although at least one of the two bands is expected to have considerable ^(C^iSMe) character, rather strong coupling with endocyclic V(C-S) 
2 C 12 2 
could occur average of bands observed in CH.  and CS_ (1147 cm and 1157 cm respectively) bis-chloroform adduct(Chapter V) 
average value 
the exocyclic C-Ε stretching vibration frequencies of the pseudo-aliene 
S-M-C=E and the pseudo-allyl S-M-S-Ç=E systems. In Table Θ, the assigned ν(C-E) 
for both types of rings are compared for analogous complexes in which all other 
ligands are the same or only lightly different. In all cases a decrease of 50-
-1 * 100 cm is observed, structure (c) in the electronic configuration of the 
pseudo-allenes being obviously of more importance than (c1) in the electronic 
configuration of the pseudo-allyles. In accordance with this, the observed C-N 
S 4 S 4 yS 
/ \ - % _ / \ ® 
M С — N R 7 M С — N R 7 M C = NR7 
s s s 
(a') (b') (c') 
2 
bond distances in either metal complexes containing both η -SCNMe and bidentate 
SC(S)NMe or in corresponding SCNMe and SC(S)NMe complexes, show a shortening 
2 
of the C-NMe distance in the η -SCNMe group compared with that in the S.CNMe, 
group (Table 9). Although structural data are available for only one η -SCSR 
Table 9: Difference in C-V'le» distance be Meen rf-VCV/'fe., and bidentate 0C(S)i]Me„ 
(okandard deviation in parenLhecis) 
C-NMe distance (A) 
Ref. Complex SCNMe SC(S)NMe 
[24] Mn(n -SCNMe ) (CO) (PPh ) 1.294(0) 
[49] Mn[sc(S)NMe ] (CO) (PPh ) 1.360(15) 
2 
a) 
* * RhCl[sC(S)NMe 2 ] (n -SCNMe2) ( ^ h ) 1 .31(2) 1.34(2) 
І2 [25] [MoS{SC(S)NMe } (η -SCNMe )] 1.298(10) 1.323(16) 
this work 
a) 
Averaged over two crystallographically independent molecules. 
* -1 
The values for SCSEt and SC(S)SMe differ 150 cm but because of the different 
nature of the alkyl groups and the uncertainty in the assignment, an interpre­
tation is not possible. 
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complex, the difference in C-SR distance with bidentate SC(S)SR complexes is 
as expected (Table 10). 
2 
Table 10· Différence in C-SIi dbstance between η -SC3R and bidentate SC(b)SR 
(standard deviation in parenthesis) 
Ref Complex SCSR SC(S)SR 
[50] [Ru(n2-SCSMP) ( С О ) 2 ( Р Р Ь 3 ) 2 ] + С 1 0 4 ~ 1.65 a ) 
[ 5 l ] C u [ s C ( S ) S E t ] ( P P h 3 ) 2 1.74(1) 
[52] [ N i ( S E t ) { S C ( S ) S E t } ] 1.705(15) 
Hi 
[53] [ c o ( S E t ) { s c ( s ) s E t } 2 ] 2 I ' T O S ! ? ) b ) 
[4l] [Fe(SEt){SC(S)SEt} ] 1.720(7) b ) 
1.743(17) C' 
a) b) c) 
standard deviation not reported terminal bridging 
REACTIVITY 
For the alkylsulphido containing complexes, reactivity towards the chlo­
rinated solvents CHCl. and CH Cl and towards CS 9 and CO has been observed. Al­
though at the moment, much of the details of the observed reactions are unclear, 
their occurence seems worth mentioning. 
2 
Both ferans-RhCMSMe) (η -SCNMe ) (PPhJ
 2 (I) and trans-RhCl (SCH.Ph)-
(n -SCNMe )(PPh ) (II) react with CHC1 and CH Cl . I reacts immediately with 
both solvents. In CDC1 , immediately after dissolving the complex, the reson­
ances of tmns-RhCl (η -SCNMe ) (PPh ) (CDC1 : T(NMe ): 7.65(3), 7.82(3)) and 
the new resonance of the SMe group (τ(Me): 7.38(3), CD(SMe) ?) are observed. 
II reacts much slower: in CDC1 the conversion to the dihalogeno complex is 
complete only after 40 hours (т(СН_): 6.40(2); compare with II in Table 5). In 
31 
the Ρ N.M.R. spectrum of a CD Cl solution of II, slow conversion of the doub-
2 
let of II to the doublet of fcrans-RhCl (η -SCNMe.)(PPh ) is observed (Table 5). 
A similar conversion is observed for trans-RhBr(SCH Ph)(η -SCNMe )(PPh ).,giving 
complete conversion to a mixture of all four possible dihalogeno complexes 
trans- RhXY(r -sCNMe2) (PPh3)2 (with XY = C1C1, ClBr*, BrCl* and BrBr) (Table 11). 
different because of different orientation of both halogens relative to С and Ξ 
2 
of the η -sCNMe2 group 
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SI l· ¡l.M.R. resonances of the four bis-halógeno complexes -Cable li 
trans-mXY(r,"-SC!4Me. ) (PPh J ,. 
Complex J(Rh-P) 
íí-ans-RhClCKn -SCNMe ) (PPh ) 
fcrems-UhXYtn -SCNMe ) (PPh ) 
(XY CIBr, BrCl and Br,Br) 
- 1 6 . 0 
г - 1 5 . 3 
- 1 4 . 7 





A similar mixture of dihalogeno complexes can be obtained by reaction of RhBr-
(PPh ) with Me NC (S) Cl in benzene. The SCH Ph~ group in Rh(SCH Ph) [PhNC(S)NMe ]-
(η -SCNMe )(PPh^) is not reactive towards CHC1 or CH.Cl . 
CS„ insertion in the Rh-SR bond was followed by H N.M.R. in case of 
2 
RhBr(SCH Ph)(η -SCNMe )(PPh ) (II-Br) (Figure 3). Five minutes after prepara­
tion of a concentrated solution of II-Br in CS» (Figure 3a),the Η N.M.R. spec­
trum indicates the presence of two trithiocarbonato species IVA and IVB. At this 
time the I.R. spectrum of the solution shows the two bands at ~980 cm and 
-950 cm ,expected for S,S coordinated SC(S)SCH Ph, but no band in the region 
-1 
1058-1053 cm , expected for a monodentate SCfSlSCf^Ph grouP(RSC (S) SR: v(C=S): 
1058-1053 cm [s]). This suggests that in both IVA and IVB bidentate coordina­
tion of SC(S)SCH.Ph is involved. Comparison of the spectra obtained after 5, 10 
and 20 minutes (Figure 3 a, b and c) indicates conversion of IVA to IVB. We sug­
gest both complexes to be isomers, differing in the relative configuration of 
SC(S)SCH Ph and the other ligands. IVB is apparently the most stable isomer. 
After 75 minutes the resonances of II-Br have disappeared, indicating the com­
pletion of the reaction (Figure 3 e) . In the reaction of CS with tmns-RhCl-
2 2 
(SCH Ph)(n -SCNMe )(PPh ) the same observations are made as for the bromine 
complex, but now IVB starts to precipitate spontaneously after 35 minutes. In 
the experimental procedures given before for the chloro- and bromotnthiocarbo-
nato-complexes, only IVB is isolated. Its structure is given in Scheme 1. 
Based on kinetic measurements, the reaction of PtClHIPPh ) with CS, to 
PtCl[sc(S)HJ (PPh ) has been suggested to occur via activation of CS. through 
S-coordination and subsequent transfer of Η to the С atom of the CS group [is]. 
If activation of CS by S-coordination to the Rh-centre occurs in our case, one 
coordination site must be vacated in the 18 electron Rh(III) complex, the most 
probable route being PPh dissociation. In accordance with this assumption, PPh 
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07 
clearly inhibits formation of the tnthiocarbonato complexes IVA and IVB (com­
pare Figure 3 d-1 and d-2) . 
As indicated in Figure 3, reductive elimination of Me NC(S)SCH.Ph occurs 
as a side reaction. Additional PPh was observed to increase the amount of Me -
NC(S)SCH Ph formed. Me NC(S)SCH-Ph was identified by addition of (independently 
prepared) Me0NC(S)SCH^Ph to the solution, which resulted in an increase of the 
absorptions assigned to this compound. Reductive elimination of Me NC(S)SCH Ph 
could also be effected by reaction with CO: upon bubbling CO through a solution 
of II in CHC1 , quantitative formation of Me NC(S)SCH Ph and RhCKCO)(PPh ) . 
occurs (reaction 5), as indicated by the H N.M.R. and the I.R. spectrum. The 
complexes VIII and IX which have the same coordinating atoms in the same con­
figuration as II (see Scheme 1 and Scheme 2), did not react with CO. Trans-
2 
RhCl9(n -SCNMe.) (PPh.,).. was a l s o m r e a c t i v e towards CO. Preliminary inves t iga-
M e2Nv. P P h 3 P p h 3 
X C | SCH2Ph
 c o 1 л 
1 Rh »• Ct— Rh—CO + Me,N — С ^ Reaction S 
1 / | Χ
α
 ІСНСІз) I ^scH^h 
pPh3 pPh3 
tions involving Rh(SCH Ph)[phNC(S)NMe ](η -SCNMe )(PPh ) (VII) indicated that 
reductive elimination of Me NC(S)N(Ph)С(S)NMe occurs in CS., and that reduc­
tive elimination of Me NC(S)N(Ph)C(S)NMe and Me NC(S)SCH Ph (all identified by 
Η N.M.R.) occurs in CHC1 by reaction of VII with CO. RhCl(CO)[phNC(S)NMe ] -
2 (η -SCNMe )(PPh ) was not reactive towards CO. 
Although reductive coupling of SCNMe to other ligands is apparently 
facilitated by the presence of SR in the coordination sphere, questions about 
the detailed nature of reductive coupling effected by CS , and the nature of th 
Rh (I) complexes formed, remain unanswered at the present. 
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C H A P T E R V 
THE OXIDATIVE ADDITION OF UNSATURATED CYCLIC FIVE-MEMBERED DISULFIDES TO 
R h C K P P h ) AND P t ( P P h ) • . 
A.W. G a l , J . W . G o s s e l i n k a n d F . A . V o l l e n b r o e k 
SUMMARY 
The reaction of RhCKPPh ) with the cyclic disulfides hexachloro-
naphthalene-1,8-disulfide (S С CI.), 4-phenyl-l,2-dithiolium chloride 
( [HC(S)C(Ph)C(S)H]cl) and 3,5-bis(dimethylamino)-1,2,4-dithiazolium chloride 
( [Me NC(S)NC(S)NMe-]cl) results, via oxidative addition of the S-S bonden the 
complexes RhCl (Ξ С Cl ) (PPh ) , RhCl [HC(S)C (Ph)C (S) н] (PPh ) and RhCl2 [Me2NC (S) • 
NC(S)NMe ](PPh ) , respectively. 
Upon reaction of Pt(PPh ) with [не(S)С(Ph)С(S)н]Cl no (ß-dithioketonato)-
Pt(II) complex is formed, but ^ts-PtCl (PPh ) . The reaction of Pt(PPh ) with 
[Me NC(S)NC(S)NMe ]ci is solvent dependent: in chloroform [ptÍMe.NC (S)NC (S) NMe }-
(PPh ) ]cl and in benzene Pt[Me NC(S)NC(S)NMe ]cl(PPh ) is formed. 
The reaction of 3, 5-bis (dimethylimimum) -1,2,4-trithiolane dibromide 
[Me NC(S)SC(S)NMe ]Br with RhCl(PPh ) is shown by H N.M.R. and Ρ N.M.R. 
studies in situ to give Ph P=S, Me NC (S)Cl, the dithiocarbamato complexes 
RhXY[sC(S)NMe ] (PPh ) (XY = BrBr and BrCl) and the thiocarboxamido complex 
RhXY(n -SCNMe )(PPh ) (XY = Br ór BrCl ór ClBr). In the analogous reaction 
with Pt(PPh ) , the dithiocarbamato complex [pt{SC(S)NMe )(PPh ) ]Br is formed. 
The observed pioduct formation in the last two reactions indicates that S-S as 
well as C-S bond breaking occurs. 
IJFRODÜCTIJJ 
R In the past, various bis(alkyl-or 
|^n
 + 1 . ι/(η·2) arylsulfido)phosphine complexes of 
S ^"^SR group VIII metals have been prepared 
R 
via oxidative addition of the disulfide 
Q τ τ 
linkage in RS-SR (R = alkyl or aryl) to the corresponding d (Rh , Ir ) and 
d (Ni , Pt , Pd ) metal phosphine complexes. In the Ni-tnad [ph P- (CH ) -PPh ]-
91 
Ni(SPh) [l], [(Ph P)Pd(SPh) (μ-SPh] and (Ph P) Pt (SPh) [2] have been prepared 
by oxidative addition of PhS-SPh to [ph P-(CH ) -PPh ]NI(CO) , Pt(PPh ) and 
Pd(PPh ) ., respectively. In the Co triad the reaction of PhS-SPh with IrCl-
(CO) (PPh ) and IrCl(CO) (PMePh ) has been reported to give [irCl(p-SPh) (SPh)-
(CO) (PPh )] [3] and IrCl (SPh)
 2 (CO) (PMePh ) [4], respectively. A related 
disulfide bond breaking occurred in the reaction of Et NC(S)-S-S-C(S)NEt with 
[МС1(С 8Н 1 4) 2] 2 (M = Rh, ir), to give [MC1{SC (S) NEt2 }2] 2 [s] . 
Oxidative addition of cyclic disulfides to low valent group VIII metal 
phosphine complexes has been less well investigated: (Ph P) M [ F CC(S):C(S)CF ] 
(M = N1, Pd, Pt) resulted from oxidative addition of bis-(trifluoromethyl)-
1,2-dithiethene (F CC(S) :C(S)CF3) to (Ph P)2Ni(CO) and M(PPh ) (M = Pd, Pt) , 
respectively [б]. Recently, the oxidative addition of two S-S bonds in tetra-
thionaphthalene to two PtfPPh-,). molecules has been reported [7]. 
In this paper the oxidative addition of the -S-S-bond in a number of 
five-membered cyclic disulfides to RhCltPPh^)^ and Pt(PPh ) is described. The 
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Figure 1 : Structures of the unsaturated cyclic fiüe-membered disulfides. 
1 = hexaahloronaphthalene-l}8-disulfide; 2 = 4-ркепуІ-1
л
2-агікіоІіит chloride 
(2-CIJ or bromide (2-Br); 6 - 315-bis(dimethylamino)-lJ2i4-dithiazolium chlor­
ide (3-Cl) or bromide (3-Br); 4 - 335-bis-(dimethyliminium)-l,214-trithio',ane 
dibromide ((Me. bitt)BrJ . 
ions. In 2 and 3 stabil ization of the positive charge occurs by strong π-deloca-
l izat ion, as indicated by the planar structure of the five-membered ring [8,9]. 
The non-planar structure of 4 and the relatively long C-S(4) bond (Гс-3(4)1 
L J
 av 
1.74(3); [c-S(l), C-S(2)] = 1.68(3) [lo]) suggest a, compared to 2, less ex­
tensive iT-delocalization, as indicated in Figure 1. In Me NC (S) SC (S) NMe. 
92 
(thiuram monosulfide, which is the reduced form of 4, oxidative addition of 
the C-S bond to RhCl (PPh ) [llj and Pt(PPh ) [12] has been observed (see 
Chapter IV) . 
So, whereas in the reaction of RhCKPPh ) and Pt(PPh ) with 1, 2 and 
3 only S-S bond breaking is expected, in the reaction of these complexes with 
4, s-S as well as C-S(4) bond breaking is expected. The reaction of 1 with zero-
valent metal complexes of the Ni-triad has already been reported: oxidative 
addition of the S-S bond in 1 to N I C C Q H , . ) - in the presence of PPh, gave the 
tnnuclear ΓΝΙ (S.C, „СІ^) (PPh,)] , and the reaction of 1 with M(PPh,) . (M = Pd, 
Pt) aave (Ph,P)^M(S_C,^СІ^) (M - Pd, Pt) ГіЗІ . The oxidative properties of 4 
3 2 2 10 6 '- J 
(R4bitt
 +) have been observed in its reaction with M(II)[sc(Ξ)NR ] (M = Ni(II), 
Pd(II), Pt(II)) and Au(I)[sC(S)NR2],which gave M(IV)[sc(S)NR2]3
+
 and Au(III)-
[sc(S)NR ] , respectively [l4,15]. 
bXPhlUMEllTAL 
All reactions starting with RhXtPPlO., (X = CI, Br) or Pt(PPh.J,, were 
3 3 3 4 
performed under nitrogen, using Schlenk apparatus. During the reaction of RhCl-
(PPh ) and Pt(PPh ) with [Me NC(S)SC(S)NMe ] Br in CDCl , samples for Η­
Ν.M.R. and P{ H} N.M.R. were taken from the solution in a glove box. I.R. 
spectra were obtained with Perkin-Elmer 257 and 283 spectrophotometers. H-
N.M.R. spectra were recorded on a Vanan T-60 and Bruker WH-90-FT and p{ н}-
N.M.R. spectra on a Vanan XL-100-FT spectrometer, at 40.5 MHz, using the 
deuterated solvent as an internal lock. C, H and N analyses were performed at 
the microanalytical department of this university. Br, Cl and Ξ analyses were 
performed by Alfred Bernhardt, Microanalytisches Laboratorium, Elbach über 
Engelskirchen, W.Germany. The analytical results are given in Table 1. 
STARTING MATERIALS 
The starting complexes RhX(PPh ) (X = Cl, Br) [іб] and Pt(PPh ) [iv] 
and the disulfides С Cl S [is] , [не (S) С (Ph)C (S) н]х (Χ = Cl", Br") [19] , 
[Me2NC (S) NC (Ξ) NMe ] Χ (Χ = Cl", Br~) [2θ] and [Me NC (S) SC (S) NMe ] Br [2l] were 
prepared according to literature procedures. [Me NC(S)SC(S)NMe JCl5 could not 
be used, because it is unstable and decomposes in hours, even in Vacuo over 
P 2 O 5 [21]. 
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I-Br t r a n s - R h B r ( S „ C l n C l c ) (PPh,) ,, 2 10 6 3 2 
I I t r a n s RhCl [ H C ( S ) С (Ph) С (S) н] (PPh ) .C H 
I I I t r a n s - R h C l [ме NC (S) NC (S) NMe ] (PPh ) 
IVA [ p t {Me NC (S) NC (S) NMe } (PPh ) ] c l . 2CHC1 
IVB P t C l [ме NC (S) NC (S) NMe ] (PPh ) 
y j A 3 l · RhBr 2 [ sC(S)NMe 2 ] (PPh 3 ) 2 . 2CDC13 










p r o b a b l y a m i x t u r e of c i s - R h B r [sc(S)NMe ] (PPh ) (VA) and t r a n s - R h B r [se(S)NMe ] (PPh ) (VIA) 
1) REACTION OF R h C K P P h ) WITH THE D I S U L F I D E S 1-0 
trans*-RhCl(S?C10Cl6)(PPh ) 9 (I) 
0.3 mmol RhCI(PPh.), and 0.3 mmol S.C.-Cl^ (1) were stirred in 10 ml of toluene 
J J 2 10 о 
for 4 hours. I precipitated spontaneously as an orange precipitate, which was 
filtered off, washed with n-hexane and dried m vacuo. If the reaction is per­
formed at lower concentrations, a brown precipitate is obtained after addition 
of n-hexane. The orange and the brown precipitate showed no differences in 
their I.R. and Ρ N.M.R. spectrum. 
lrans-RhBr(S
 2C10Cle)(PPhJ (I-BrJ 
The complex was prepared in a procedure analogous to that for I, using RhBr-
(PPh ) and was obtained as a brown precipitate by addition of n-hexane. 
trans-RhCl2[HC(S)C(Ph)C(S)H] (PPh3)2 (II) 
0.2 mmol [не(S)C(Ph)C(S)н]сі (2-CL) was dissolved with stirring m a solution 
of 0.2 mmol RhCKPPh,) in 15 ml of chloroform. The colour of the solution 
changed from dark-red to brown-red, after which the purple fcrans-RhCl [HC(S)-
C(Ph)C(S)H](PPh ) .CHC1 precipitated. When dichloromethane was used, trans-
RhCl [HC(S) С (Ph) С (S)H] (PPh )CHC1 2precipitated upon addition of n-hexane. Re-
crystallization of the products from benzene-n-hexane yielded trans-RhCl -
[HC(S)C(Ph)C(S)H] .С Η . The presence of the solvent molecules in the adducts 
was confirmed by the I.R. and H N.M.R. bpectrum. 
trans-RhBr2[llC(S)C(Ph)C(S)H] (IPh^2 (1 Г-Вг) 
The complex was prepared by reaction of RhBr(PPh ) and 'A-Bi', in a procedure 
analogous to that for II. 
trans-RhCl2 [Me2NC(5)NC(S)PlMep] (PPh¿) (III) 
0.2 mmol [ме NC(S)NC(S)NMe ]Cl (3-CL) was dissolved with stirring in a solution 
of 0.2 mmol RhCKPPh,) in 15 ml of chloroform. The colour of the solution 
changed from dark-red to orange, after which the orange trans-RhCl.[ме NC(S)NC(S)-
NMe.J (PPh ) .2СНСІ precipitated. When dichloromethane was used, irans-RhCl -
[Me.NC(S)NC(SjNMe.J (PPh ) precipitated upon addition of n-hexane. The presence 
of CHC1 in the solvent adduct was confirmed by the I.R. spectrum. 
urans denotes relative position of the PPh groups. 
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trans-RhBr [Me¿ICiSÌUCiSÌPlMe^ (PPh ) (IIT-Br) 
The complex was prepared by reaction of RhBr(PPh ) and d-Br in a procedure 
analogous to that for III. 
2) REACTION OF Pt(PPh ) WITH THE DISULFIDES 2 AND ¡ 
Formation of eis-PÉCZ^ÍPP/z 2^ from PL(PPhz)4 and [riC(S)C(Ph)C(5);i\cl (2-Cl) 
a) reaction of 0.2 mmol 2-Cl and 0.2 mmol Pt(PPh ) in 10 ml of benzene for 
12 hours gave a red precipitate in which the presence of cis-PtCl (PPh ) was 
indicated by its ν(м-Cl) absorptions. The nature of the products other than 
сгз-PtCl (PPh ). could not be identified. 
b) 0.4 mmol 2-Cl and 0.2 mmol Pt(PPh ) were stirred in 10 ml of benzene for 
72 hours. After that period a white precipitate had formed, which was ident­
ified as cis-PtCl2(PPh3)2 by its I.R. spectrum (v (M-Cl) = 320 cm" (s) , 295 cm" 
(s)) and its elemental analysis. 
[Pt{Me¿JC(S)NC(S)nMe2}(PPh )2] + Ci' (IVA) 
0.2 mmol Pt(PPh ) and 0.2 mmol [Me NC(S)NC(S)NMe ]cl (3-Cl) were stirred in 
10 ml of chloroform for 12 hours. Upon addition of n-hexane to the pale-yellow 
solution a white precipitate of [pt{Me NC(S)NC(S)NMe } (PPh ) ] C1.2CHC1 was 
formed. The presence of CHC1 was confirmed by the I.R. spectrum. IVA is a 
conductor in CHCl_: Л = 6 5 ohm cm mol at 25 C. 2 о 
PtCl\Me Ш($)ПС(5}тАе λ (PPh ) (IVB) 
0.2 mmol Pt(PPh ) and 0.2 mmol [ме NC(S)NC(S)NMe ]CI (¿-CI) were stirred in 
10 ml of benzene for 12 hours. The spontaneously formed green-yellow precipi-
tate of IVB was filtered off and recrystallized from CHC1 -n-hexane. 
3) REACTIONS WITH [ме NC(S)SC(S)NMe ]Br (4-Br) 
ι) réaction of RhCKPPhJ with 4-Br 
о о 
0.35 mmol RhCl(PPh ) was added to a stirred suspension of 0.35 mmol 4-Br in 
8 ml of CDC1 . 4-Br slowly dissolved and after 30 minutes a clear light-red 
2 
solution was obtained. After 3 hours the red irans-RhXY(η -SCNMe ) (PPh )„. 
xCDCl (VII) (XY = BrBr,BrCl or ClBr; see Results and Discussion) began to 
1 3 1 1 
precipitate quickly. The Η and P{ H} N.M.R. spectrum recorded after 24 hours 
indicated the precipitation of VII to be complete, and VII was filtered off. 
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Addition of n-hexane to the filtrate gave an orange precipitate of RhXY[sc(S)-
NMe ](PPh ) (XY = Br and XY = ClBr; see Results and Discussion). 
b) reaation of PttPPhJ
a
 with 4-Br 
0.35 mmol Pt(PPh ) was added to a stirred suspension of 0.35 mmol 4-3P in 8 
ml of CDC1 . Within 25 minutes a clear dark-yellow solution was obtained. After 
24 hours addition of n-hexane gave a red oil. Stirring the oil in ether re­
sulted in a yellow precipitate of impure [pt{SC(S)NMe }(PPh )2]Br (VIII). Re-
crystallization from hot benzene gave a white precipitate of analytically pure 
Vili. The complex was a conductor in CH-C1_: Λ = 62 cm ohm mol at 25 c. 
. 2 ¿ о 
-4 о 
At a concentration of 12.5x10 M at 25 C, the observed equivalent conductivity 
was 32 cm ohm cm , in accordance with the value or" 34.2 cm ohm mol reported 
for [pt{SC(S)NMe }(PPh ) ]cl.H 0 at the same concentration and temperature [22]. 
с-) eis- and ti>ans-RhBrSsc(S)NMe..}(PPhJ , (VA and VIA) 
0.4 mmol RhCl(PPh ) and 0.4 mmol NaS CNMe .2H.0 were stirred in 80 ml of acetone 
for 25 minutes. The precipitate of NaCl was filtered off. 0.4 mmol Br ( in 
benzene ) was added and the colour of the solution changed from orange to yel­
low. After a few minutes a yellow precipitate of RhBr [sC(S)NMe ](PPh ) .-
1 31 
CH C(0)CH was obtained. H N.M.R. and Ρ N.M.R. spectra in CDC1 indicated 
the precipitate to contain a mixture of VA and VIA. The presence of about one 
mole of acetone was indicated by the H N.M.R. spectrum. Upon prolonged stan­
ding, RhBr [sC(S)NMe-](PPh ) .2CDC1 slowly precipitated from the CDC1, sol­
ution as red crystals. 
RKSULTS AtW DISCUSSION 
I. REACTION OF RhCl(PPh^) and Pt(PPh,). WITH THE DISULFIDES S„С^СІ^ (7), 
-J 3—4 • • 2—1Ü—^Ь 
[HC(S)C(Ph)C(S)H]+ (5) AND [ме^С (S) NC (S) NMeJ + (J) . 
A. Synthesis 
The observed reactions of the disulfides 1, 2-Cl and '-Cl (see Figure 1) 
with RhCl(PPh ) and the structures of the complexes formed, are shown in 
Scheme 1. In all three cases insertion of Rh into the S-S bond of the ring com­
pounds occurs and a six-membered ring containing Rh(III) and the S-S-coordi-
nated chelates hexachloronaphthalene-1,8-dithiolate (dinegative), dithiodi-
formylphenylmethanate {mononegative) or Ν,Ν,Ν',N'-tetramethyldithiobiurate 
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(mononegative) is formed. Apart from the dithiobiuretato complexes A(Ph,P)Rh-
[ме NC(S)NC(S)NMe ] (A = Ph P, CO) and Rh02 [Me2NC (S) NC (Ξ) NMeJ (PPh3) [23,24] 
(see Chapters I and II), no Rh complexes of these S,S-coordinating chelates 
had been reported before. 
CI CI CI CI 




















Scheme 1 : Formation of the complexes I, II and III ¡'vom the disulfides 1, '¿-Cl 
and Z-Cl 
RhCKCO) (PPh ) was observed to be unreactive to the disulfides at room 
temperature. [RhCl(CO) ] reacted with ύ-CL in methanol to [ме NC(S)NC(S)NMe ] -
[RhCl„(CO)_] , as was inferred from the I.R. spectrum which showed absorptions 
[.fe C(S)„C(S) , It. ]+Cl + '2[RhCi(CJ)„]v • [!e uC(\) 1C(S) Г4е J + [RhClJCO) ] " 
{réaction 1) 
due to [RhCl (CO) ] [25] and 3 (Table 3). In the H N.M.R spectrum the N-Me 
resonances of о were the same as observed in the corresponding Cl salt (5-Cl) 
Scheme 2 gives the reactions of Pt(PPh ) with the disulfides 2 and 3. 
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н 6 , Р ^ 4 s 
(IVB) NMe, 
¡Scheme 2: Réaction of Pt(PPh7) „ uiiah Lhe dis iL f ides ¡, '. imi ¿ (The f opmat ion 
of VtiS„С „Cl
r
) (PPh ) ^ has been reported by others [ и ] ; a swjejested sbraitare 
is given). 
The already reported formation of Pt(S_C,-Cl.) (PPhJ . from Pt(PPh
n
)„ and 1 
¿ 10 6 3 2 3 4 
[із] has been included for the sake of completeness. In the reaction of Pt-
(PPh ) with 2-Cl no formation of a (ß-dithioketonato)Pt (II) complex was ob-
served, but instead CÏS-Ptcl (PPh.)_ was isolated. Although other products are 
formed in this reaction, they could not be identified. '"'is-PtCl (PPh ) could 
have been formed by oxidative addition of the S-S bond in 2 and subsequent 
displacement of the dithiodiformylphenyl methanato ligand by CI , its further 
reactions being unknown. The reaction of Z-Cl with Pt(PPh ) showed a solvent 
dependence: m chloroform the ionic [pt{Me NC(Ξ)NC (S)NMe }(PPh ) ]Cl (IVA) is 
99 
formed, but in benzene displacement of PPh by CI occurred to give Pt[Me NC(S)-
NC(S)NMe ]cl(PPh ) (IVB). Upon addition of PPh to a solution of IVB in CD CI 
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B. Spectral parameters and structures 
31 
The equivalence of the PPh groups m the Ρ N.M.R. spectrum of I, II 
3
 1 
and III (Scheme 1) and the values of J(Rh-P) indicate a fcmns-position of the 
PPh groups (Table 2). The values of J(Rh-P) in II and III are comparable to 
that for the PPh groups in trans-position m trans -RhBr [sc(S)NMe ](PPh ) 
1. 
3 2 
(VIA ; J(Rh-P) = 88 Hz). If the PPh groups in II and III were in <iis-position 
J
 1 
and both tvans to the S atoms of the chelate, J(Rh-P) would be expected to be 
~130 Hz, like m cis-RhBr [sc(S)NMe ](PPh ) (VIB; J(Rh-P) = 126 Hz, Table 2). 
The values of J(Rh-P) in III and VIA are about 16% higher than in the corre­
sponding О adducts traws-RMO ) [ме NC(S)NC(S)NMe ] (PPh ) and trans-Rh(0 )-
[sc(S)NMe J (PPh )_ reported before [24] , and indicate a raising influence on 
1 1 
J(Rh-P) of 0. compared to Cl^ and Br , respectively. The decrease in J(Rh-P) 
on going from I to II and III is in accordance with the expected decrease in 
S-character of the Rh hybrid orbitals to /6, on going from the five-coordinate 
complex I to the six-coordinate complexes II and III. 
Comparison of the values of J(Rh-P) in the complexes IVA and IVB with 
that in Pt[Me NC (S) NC (S)NMe ]H(PPh ) prepared before [23]*** (Table 2) indicates 
. 1 
the following order of increasing cis-influence (= decreasing J(Rh-P)) on 
J(Rh-P): H <C1 <PPh . The cts-influence order, CI <P, has been observed before 
*** 
eis and trans denote relative position of the PPh groups 
see Chapter II 
see chapter I 
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Table 2: И ¡J.M.R. and P{ rf} N.M.R. parametprs 
compound g) 
P N.M.R. 
. aCom or group 
6 J(М-Р) trans to 
(p.p.m.) (Hz) PPh solvent T(NMe ? in p.p.m. τ of other protons 
-16.3 102 PPh, 
I I t r a n s - R h C l [HC(S)C(Ph)C(S)H] ( P P h 3 ) 2 
I I I t r a n s - R h C l [ме NC(S)NC(S)NMe 2 ] ( P P h j ) ^ 
VIA t r a n s - R h B r [sc(E)NMe ] ( P P h ) 
VA CIS-BhBr [sC(S)NMe ] ( P P h ) 
Pt [Me NC (S) NC (S) NMe ] H (PPh ) 
IVB Ptfwe NC(S)NC(S)NMe ]cl(PPh ) 
IVA [pt(Me NC(S)NC(S)NMe )(PPh ) ]cl 
VIII [pt(sc(S)NMe }(PPh ) ]вг ' 
-16.8 101 PPh, 
-15.4 Θ5 PPh, 
-35.7 126 PPh, 
CD 2C1 2 
CD 2C1 2 










CD 2C1 2 
CD 2C1 2 
CDCl3 
CDC1 
C D 2 C 1 2 
CD 2C1 2 
CD 2C1 2 




6.61(3)br, 6.85(3)br, 7.01(6)br 







[Me NC(S)NC(s)NMe2]cl CDC1, 6.18(6), 6.28(6) 
-1.30(2) CC-H) 
** δ rel. to TMP(0=p(OMe} ) τ rel. to TMS; d = doublet, br = broadened singlet 
Ρ N.M.R. spectrum not recorded " 
Coalescence temperature -5 с Coalescence temperature 
+ 53 С Τ rel. to HMDS cis and trans denote relative position of the PPh groups. 
О 
Table S: I.R. parameters of the complexes (CsJ disks; cm ) 
absorptions of s,S-coordinating chelate 
compound other absorptions 
lS15(m),1413(m),1275(s),1243(s),951(m), 32(т) 305(m) , 2 9 2 ( I I I ) 
I I L r a n s - R h C l [HC(S)C(Ph)C(S)H] (PPh ) .CH Cl 3 ? 2 2 
I I I t r a n s - R h C l [Me NC(S)NC(S)NMe 2 ](PPh ) 2 
IVA [ p t l M e NC(S)NC(S)NMe )(PPh ) 2 ] c l . 2ГНС1 
IVB P t [Me NC (SI JC(S)NMe I c K P P h ) 
З-α [Me2NC(S)NC(S)NMe ] c l 
[Me 2 NC(S)NC(S)NMe 2 ] + [RhCl 2 (CO) 2 ]" 
VA —1 Γ Ί b) 
V I A J - №Br2LsC(S)NMe2J ( P P h 3 ) 2 . a c e t o n 

















eis and trans denote relative position of the PPh groups. mixture of cis-RhBr_[sc(S)NMe ](PPh ) (VA) and trans-RhBr.[sC(S)NMe2](PPh,)2 
(VIA). 
in other square planar Pt(II) complexes [26]. 
For the complexes I, II and III, absorptions due to v(M-Cl) could be as­
signed by comparison of the corresponding chlorine and bromine complexes (Table 
3) . Although the monomenc molecular weight (Table 1) indicates I to be mono-
menc in solution, the presence of two v(M-Cl) absorptions in the solid state 
suggest a dimenc structure involving chlorine bridges (Figure 2). y(Pt-Cl) 
in IVB has been assigned by comparison of IVA and IVB. 
Ph3 РИЗ 
Rh Rh 
s ci I s 
Ph, Ph: 
Figure 2: Suggested structure for RhCKSJO JCIJ (PPh?) „ in the solid state. 
The absorptions assigned to the Ξ,S-coordinating chelates are given in 
Table 3 . The assigned I.R. absorptions due to the dithiobiuretate in III, IVA 
and IVB are close to the values assigned in other Rh and Pt complexes before[¿з] 
Η N.M.R. spectral parameters of the complexes are given m Table 2. In 
tr'ans-RhCl,[HC(S)C(Ph)C(S)Hj (PPh ) a doublet is observed for both methyn 
3 
protons of the six-membered chelate ring. This is ascribed to a J(Rh-S-C-H) 
coupling (4 Hz). The methyn proton resonance has shifted 3.7 p.p.m. upfield 
from its resonance position in the starting disulfide [не(S)С(Ph)C(Ξ)н]с1 (Table 
2)/ indicating an increase in electron density in accordance with the formal two 
electron reduction of the ligand system upon insertion of the Rh into the fivc-
membered ring. In the dithiobiuretato complexes trans-RhCl,[Me NC(S)NC(S)NMe ]-
(PPh ) (III) and [pt{Me NC(S)NC(S)NMe }(PPh ) ]ci (IVA) both NMe groups are 
observed to be equivalent in accordance with the suggested structures. The 
NMe resonances in both complexes have shifted upfield compared to the NMe res­
onances of Z-Cl (+ 1.1 p.p.m. for II and + 0.7 p.p.m. for IVA). Together with 
the observed decrease in v{C —NMe-,) of ca. 60 cm , this seems to reflect again 
the reduction of the ring upon breaking of the S-S bond. The two N-Me resonances 
in the H N.M.R. spectrum of IVA at room temperature (coalescence temperature = 
о о 
+ 53 С) and of III at lower temperature (coalescence temperature =- 5 c) indicate 








Me NC(S)NC(S)NMe fragment on going from [ме NC(S)NC(S)NMe ] to formally 
[Me7NC(S)NC(S)NMe J , resonance structure (b) is still of considerable import-
"2 
ance. 
II REACTION OF RhCl(PPh ) AND Pt(PPh ) WITH [ме NC(S)SC(S)NMe ]Br (4-Br) 
The reactions of 4-br> with RhCKPPh ) and Pt(PPh.) are given in Scheme 3. The 
reaction with RhCl(PPh ) was performed in CDC1 in order to investigate tue 
nature of the species formed by N.M.R. studies in situ. After 30 minutes reac­
tion time Ί-Βι* has completely dissolved. The Η N.M.R. spectrum of a sample 




7.00 8.00 9.00 
Fijare Ζ: The рва"Lion of RhCKl'Fh
 7) „ with [Me^JCfoJbCÍSJMe,,] Яг . The II U.M.R. 





















































































































































































































































































































































Me NC(S)C1. Also singlet resonances, assigned to cis-RhXY[sc(S)NMe ] (XY = Br 
(VA) and BrCl(VB)) and i-raws-RhXY [sc (S)NMe ] (PPh ) (XY = Br (VIA) and BrCl 
1 31 (VIB)) by combination of H and Ρ N.M.R. measurements, are observed (Table 4). 
Table 4: The reaction of RhCl(PPh^3 with [Me^CÍSJSCfSJNMe,^ ]Β?2 (4-Br) in 
CDCl— The Η N.M.R. spectrum after 45 minutes reaction time. 
Code Compound τ(NMe ) in p.p.m. 
Me NC(S)C1 6 . 5 0 , 6.54 
VA , VB cis-RhXY[sC(S)NMe ] (PPh ) 6.91 
(XY = Br and BrCl) 
VIA, VIB trans-RhXY[SC(S)NMe ](PPh ) 7.67 
(XY = Br and BrCl) 
2 
VII trans-RhXY(n -SCNMe )(PPh ) 7.67, 7.77 
(XY = Br or BrCl or ClBr) 
a) 
cis and trans denote relative position of the PPh groups 
X and Y in trans position (see Scheme 3) 
c) 
BrCl and ClBr differ in the orientation of both halogens relative to С and S 
2 
of the η -SCNMe group 
Their τ value is very close to that observed for independently prepared cis-
and trans-RhBr [sC(S)NMe ](PPh )2(see Table 2). The resonances observed at 
т= 7.67 and 7.77 p.p.m., of which the low field resonance virtually coincides 
with the single resonance due to VIA and VIB, are assigned to trans-RhXY-
2 (η -SCNMe )(PPh ) (VII; with XY = Br or BrCl or ClBr). 
Whereas m the H N.M.R. spectrum the NMe resonances of VA and VB are 
31 31 
not resolved, their Ρ resonances in the ρ N.M.R. spectrum are observed as 
two doublets (Table 5) . The same is true for VIA and VIB. The values of <5 and 
J(Rh-P) for VA and VIA agree with those observed for independently prepared 
c-¿s-and t/WîS-RhBr2[sC(S)NMeJ (PPh ) (see Table 2). The doublet observed for 
31 2 
VII in the Ρ N.M.R. spectrum indicates that it is not trans-RhCl (η -SCNMe )-
(PPh,)., but one of the three other bis-halogeno thiocarboxamido complexes 
obtained from the reaction of RhBr(PPh ) and Me NC(S)Cl . Besides the doublet 
see Chapter IV; Table 11 and text concerning this Table. 
106 
Table b: The reaction of ríhCKPFhJ . with MeJlC(S)SC(S)iï'ien Br. (Ί-Вг) in 
— ZT 1 " 









cis-RhXY[sC(S)NMe ] (PPh ) 3 2 
(XY Br and BrCl) 
t r a n s RhXY[sC(S)NMe ] (PPh ) 
3 2 
(XY Br. and BrCl) 
2 
trans-RhXY(n -SCNMe ) (PPh ) 














чес footnote to Table 4 
resonances due to the Rh(III) complexes, also a singlet due to Ph P=S is ob­
served (Table 5) and a yet unassignod singlet with a somewhat time dependent po­
sition. After 4 hours a red precipitate has formed with an I.R. spectrum very 
2 
close to that of tmMS-RhCl (η -SCNMe ) (PPh ) (except for the v(M-Cl) region). 
1 31 
In accordance with this, the resonances due to VII in the Η and Ρ N.M.R. 
spectrum have decreased in intensity. As judged from the N.M.R. spectra the 
precipitation of VII is complete after 24 hours. Upon addition of n-hexane to 
the remaining solution an orange precipitate is obtained,and comparison of its 
I.R. spectrum with that of independently prepared RhBr [SC(S)NMe ](PPh ) (Tabic 
3) indicates that the precipitate is probably a mixture of the dithiocarbamato 
complexes VA,VB and VIA, VIB. 
The reaction of Pt(pph ) with 4-2r was not investigated into such de­
tail. After 24 hours addition of n-hexane gave an oil containing [ptiSCfSJNMe }-
(PPh J.jBr (VIII). After purification, the complex was identified by its I.R. 
spectrum (Table 3), its NMe resonance in the Η N.M.R. spectrum (Table 2), 
which is in good accordance with that reported for [pt{SC(S)NMe }(PPh ) ]cl.H О 
[_2¿\ , and its conductivity in CH Cl (see Experimental) . 
Although details of the mechanism responsible for the observed product 
formation in the reaction of RhCl(PPh ) with 4-àr have not been revealed by 
our experiments, the following conclusions arc allowed: 
1) In the reaction of RhCKPPh ) and Pt(PPh ) with [ме NC (S) SC (S) NMe ] Br 
not only S-S bond, but also C-S bond breaking occurs (most probably C-S(4) 
(Fig. 1)). 
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г ' ' т + 
2) LM e9N C( s) s c(S)NMe J behaves as a two electron oxidator (Rh Rh 
III 
Pt -»Pt ) and furnishes SCiS)NMe 
The formation of Me NC(S)Cl and fcrans-RhXY(n -SCNMe )(PPh ) could be envisaged 
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The second route would also explain the formation of Ph P=S. 
A product formation similar to that observed here, has been observed in 
the reaction IrCl(CO)(PPh ) and Pt(PPh ) with a mixture of (F C) CC(S)SC(S)-
C(CF ) and (F C) CC(S)S2C(S)C(CF ) [27]. In the reaction with IrCl(CO)-
(PPh ) the complexes IrCl(CO)[n -SCC (CF ) ] (PPh ) , Ir(CO)Cl[n -SCC(CF ) ]-
(PPh ) and IrÍCO)Cl[se(S)CC(CF ) ](PPh ) were isolated and in the reaction 
with Pt(PPh ) , Pt[sC(S)C(CF ) ] (PPh ) and Pt[n -SCC(CF ) ] (PPh ) were ob-
tained . 
In earlier oxidations of M(II) [sc (S) NR ] (M = Ni(II), Pd(II) and Pt(II)) 
and Au(I) [SC(S)NR ] by [R NC (Ξ) SC (S) NR ] (R bitt ) giving M (IV) [SC (S) NR ] + 
(M = Ni, Pd, Pt) and Au(III)[se(S)NR ] only indirect evidence of supply of 
2 + 
SC(S)NR by R bitt had been obtained and no SCNMe complexes had been iso­
lated [14,15,28] . 
loa 
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S U M M A R Y 
This thesis deals with the synthesis and characterization of Rh, Ir and Pt 
phosphine complexes,containing unsaturated thio-ligands. The majority of these 
2 
ligands is coordinated bidentate, via at least one S-atom bonded to to an sp 
hybridized carbon atom (M-S-C^). Oxidative addition to Rh(I), Ir(I) and Pt(o) 
phosphine complexes, of a "^N-H, ^C-Cl, ^C-S-, ^C-N- or -S-S- bond in unsatu­
rated sulfur containing molecules, has been used as the main route for intro­
duction of the thio-ligands in the coordination sphere of the metal. 
In Chapter I, the Rh(I) complexes (Ph P)„Rh(L-L1), in which L-L' is an 
unsaturated chelate coordinating via L = S and L' = Ν, Ο, Ρ or S,are prepared 
from RhCKPPh ) by two routes. 
Direct substitution of one Ph Ρ and one CI by the chelate anion gives 
(Ph P) Rh[ph PC(S)s] (L = S, L' = P) . Oxidative addition of a N-H bond, fol­
lowed by reductive elimination of HCl, results in (Ph P)-Rh[Me NC(S)NC(S)NMe ] 
(L = S, L' = S) , (Ph P) Rh[phNC(S)NMe ] (L = S, L' = N) , (Ph P) Rh[ph PC(S)NPh] 
(L = S, L' = P) and (Ph P) Rh[ph P(0)C(S)NPh] (L = S, L' = 0 ) . 
Reaction of the complexes (Ph P) Rh(L-L') with CO gives (CO)(Ph P)Rh-
(L-L1), with CO trans to the chelate donor atom with the lowest trans-influence. 
Pt(PPh ) reacts with Me NC (S) Ν (Η) С (S) NMe and HN (Ph) С (S) PPh to give H(Ph P)-
Pt[Me NC(S)NC(S)NMe ] (L = S, L' = S) and H (Ph P) Pt [ph PC (S) NPh] (L = S, L' =P) , 
respectively. 
Some trends in I.R. and Ρ N.M.R. parameters are discussed. 
In Chapter II, the Rh(I) complexes (Ph P) Rh[Me NC(S)NC (S) NMe ] , (PhP) -
Rh[sC(S)NMe ] and (Ph P) Rh [phNC (S) NMe ] are shown to react with О to give 
1:1 dioxygen adducts. In solution, trans-(Ph P)„Rh(О )[ме NC(Ξ)NC(S)NMe ], eis-
and trane-ÍPh Ρ) Rh(0 ) [sC(S)NMe ] and cis- and trans- (Ph Ρ) Rh (О ) [phNC (S) NMe ] 
are observed. For (Ph P)»Rh(О ) [phNC(S)NMe ], a solvent effect on the initial 
ais-trans ratio and the rate of 0=PPh., formation is found. In C.H,, 0=PPh, 
J 6 6 3 
formation from (Ph P) Rh(0?)[phNC(S)NMe ] is inhibited by additional PPh . 
The reaction of (PhqP)-Rh[ph.PC(S)NPh] with Ο ,in the presence of addi­
tional PPh , gives 0=PPh and CLS- (Ph P) Rh (0 ) [ph Ρ (О) С (S) NPhJ as the only prod­
ucts. The same complex can also be prepared from (Ph P) Rh [ph Ρ(0)C(S)NPh] and 
02· 
Only (Ph P) Rh[phNC(S)NMe ] reacts with Η at room temperature,giving 
(Ph-P)„RhH [phNC(S)NMe J, which is a catalyst m cyclohexene hydrogénation. 
In Chapter III, the reaction of Me NC (S) Cl with "IrCKPPh )„ , IrCl(CO)-
. 2 
(PPh ) and IrH(CO) (PPh ) is shown to give огв- and tï'ans-IrCl ( η -SCNMe )-
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(PPh ) , trans- [ігС1(л -SCNMe ) (CO) (PPh ) ]+Cl and trans- [lrH( η -SCNMe ) (CO) -
(PPh )-J Cl , respectively (with aia and trans referring to the realtive po-
sition of the PPh groups). Dehydrohalogenation of trans- [ΐΓΗ(η -SCNMe )(C0)-
(PPh )9] CI by Et N results in trans-Ir ( η - SCNMe ) (CO) (PPh ) and the dimenc 
[ir (P-SCNMe ) (CO) (PPh )] . Dehydrohalogenation of trans- [lrH( η -SCNMe ) (CO) -
(PPh.),] CI , in the presence of Me NC(S)Cl/gives the bis-(n -thiocarboxamido) 
5 2 ) 2 
complex [lr(n -SCNMe  (CO) (PPh ) ]+Cl" 
In the reaction of Me NC(S)Cl with RhH(CO)(PPh )..displacement of CO 
2 
occurs and RhCKn -SCNMe ) (PPh ) is formed. This complex can also be prepared 
from Me NC(S)C1 and RhH(PPh ) 
2 + -
The X-ray structure analysis of [lr(n -SCNMe ) (CO) (PPh-, ) ] BF shows 
both SCNMe ligands to be planar and coordinated via С and S, with bond dis-
2 
tances and angles comparable to those in other η -SCNMe complexes. As the C-
Ir-S angles within both IrSCNMe units are small (43 ), the coordination ge­
ometry around the iridium is distorted octahedral. 
з 
dlthiocarbamate esters Me NC(S)-SR (R = Me, CH.Ph), is shown to give the (alkyl-
2 
sulfido)(thiocarboxamido) Rh(III) complexes RhCl(SR)^ -SCNMe )(PPh ).. Oxidative 
addition to RhCl(PPh ) and Pt(PPh ) ,οί the ^C-S- bond in 1,1,5,5-tetramethyl-
thiuram monosulfide.Me NC(S)-SC(S)NMe ,results m the (dithiocarbamato) (thio­
carboxamido) complexes RhCl [sC (S) NMe ] (η -SCNMe ) (PPh ) and Pt[sc(S)NMe ]-
(η -SCNMe )(PPh ), respectively, and the analogous „C-N- bond breaking in 1,1-
5,5-tetramethyl-3-phenyldithiobiurete Me NC(Ξ)-N(Ph)С(S)NMe , gives the (thio-
ureido)(thiocarboxamido) complexes RhCl[phNC(Ξ)NMe 1(η -SCNMe )(PPh ) and Pt-
[phNC(S)NMe ](n -SCNMe )(PPh ). Whereas in the reaction of RhCl(CO)(PPh ) with 
Me2NC(S)SC(S)NMe CO displacement occurs to give RhCl[sc(S)NMe ] (η -SCNMe )-
(PPh ) , in the reaction of the same molecule with IrCl(CO) (PPh,) , CI displace-
ment occurs and [lr{SC (S)NMe }(η -SCNMe ) (CO) (PPh )] CI is formed. 
The Rh(III) complexes RhCl [L'CÍS) NMe ] (η -SCNMe ) (PPh ) (L' = Ξ, NPh) 
are also obtained by oxidative addition of Me NC(S)Cl to the Rh(I) complexes 
(Ph P)2Rh[L
,C(S)NMe ] . By this route, also RhCl[ph PC (S) s] (η -SCNMe ) (PPh ) , 
RhCl [ph2PC(S) NPh] (n -SCNMe ) (PPh ) (from Me NC (S) Cl) and Rh (SCH Ph) [PhNC (S)NMe ] 
(η -SCNMe )(PPh ) (from Me NC(S)SCH Ph) are prepared. 
Upon insertion of CS into the Rh-SR bond in RhCl(SR)(η -SCNMe )(PPh,) , 
the (alkyltrithiocarbonato) (thiocarboxamido) Rh(III) complexes RhClfsC(S)SR] -
2 1 
(η -SCNMe )(PPh ) (R = Me, CH Ph) are formed. H N.M.R. studies indicate that 
in this reaction reductive elimination of Me NC(S)SR occurs as a side-reaction. 
2 
In the reaction of RhCl(SCH Ph)(η -SCNMe )(PPh ) with CO, also reductive elim-
112 
ination of Me NC(S)SCH Ph is observed, giving RhCl(CO)(PPh ) . Similar reductive 
eliminations are observed for Rh(SCH.Ph)[phNC(S)NMe.](η -SCNMe )(PPh ). 
The molecular structures of RhCl [L'C (S) NMe ] (η -SCNMe ) (PPh ), with L ^ 
S and NPh,have both been elucidated by X-ray crystal structure analyses. The 
2 
bonding within the η -SCNMe ligand is discussed,and compared with that within 
S,S coordinated SC(S)NMe . A general decrease in ν(CE) (E = exocyclic donor 
atom), on going from the C,S-coordinated pseudo alienes (M-S-C=E) to corre-
i i 
spending S,S-coordinated pseudo-allyls (S-M-S-C=E) is observed, and ascribed 
to smaller dative N-»C π interaction in the latter case. 
In Chapter V, the reaction of RhCl(PPh ) with the cyclic disulfides 
hexachloronaphthalene-l,8-disulfide (S_C CI ), 4-phenyl-l,2-dithiolium chlor-
ζ 1 и о 
ide ( [HC(S)C(Ph)C(S)H]ci) and 3 , 5-bis (dimethylamino)-1,2 ,4-dithiazolium chlor­
ide ([Me7NC(S)NC(S)NMe ]ci) is shown to result, via oxidative addition of the 
-S-S-bond,in the complexes RhCl (SC Cl ) (PPh ) , RhCl [не (S) С (Ph) С (S) н] (PPh ) 
and RhCljMe NC (S)NC(S)NMe ] (PPh ) , respectively. 
Upon reaction of Pt(PPh ) with [lIC (S) С (Ph) С (S) н]сі no (ß-dithioketonato)-
Pt(II) complex is formed, but cts-PtCl.(PPh ) . The reaction of Pt(PPh ) with 
[Me NC(S)NC(S)NMe ]Cl is solvent dependent: in chloroform [pt{Me NC(S)NC(S)NMe }-
(PPh ) ]ci and in benzene Pt [Me NC (S) NC (S) NMe ] Cl (PPh ) is formed. 
The reaction of 3,5-bis(dimethyliminium)-1,2,4-trithiolane dibromide 
[Me NC(S)SC(Ξ)NMe2]Br with RhCl(PPh ) is shown,by Η N.M.R. and Ρ N.M.R. 
studies in situ,to give Ph P=S, Me NC (S)Cl, the dithiocarbamato complexes 
RhXY[sc(S)NMe ](PPh ) (XY = BrBr and BrCl) and the thiocarboxamido complex 
RhXY(n -SCNMe )(PPh ) (XY = Br ór BrCl ór ClBr). In the analogous reaction 
with Pt(PPh ) , the dithiocarbamato complex [pt{SC(S)NMe.}(PPh ) ] Br is formed. 
The observed product formation in 
well as^C-S-bond breaking occurs. 
the last two reactions indicates that-S-S-as 
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S A M E N V A T T I N G 
Dit proefschrift behandelt de synthese en karakterisering van Rh, Ir en Pt 
fosfine complexen met onverzadigde thio-liganden. Het grootste deel van deze 
liganden is bidentaal gecoördineerd, via op z'n minst één S atoonijdat vastzit 
aan een sp gehybndiseerd koolstof atoom (M-S-C.) . Oxidatieve additie aan 
Rh(I), Ir(I) en Pt(o) fosfine complexen, van een ^N-H, ^ C-Cl, ^C-S of -S-S-
band in onverzadigde zwavelhoudende moleculen, is gebruikt als de voornaamste 
route voor de introductie van de thio-liganden in de coördinatie-sfeer van 
het metaal. 
Jn Hoofdstuk I worden de Rh(I) complexen (Ph P)_Rh(L-L'), met het on-
verzadigde chelaat L-L' coördinerend via L - S en L' = N, O, Ρ of S, bereid 
via twee routes, uitgaande van RhCl (PPh.,).,. 
Directe substitutie van een Ph Ρ en een Cl door het chelaat anion 
geeft (Ph Ρ Rh[ph PC(S)s] (L = S, L' = P). Oxidatieve additie van een N-H band, 
gevolgd door reductieve eliminatie van HCl, resulteert in (Ph P) Rh[Me9NC(S)-
NC(S)NMe2] (L = S, L' = S), (Ph3P) 2Rh[phNC (S)NMe2] (L = S, L' = N) , (Ph3P)2Rh-
[Ph PC(S)NPh] (L = S, L' = P) en (Ph P) Rh[ph P(0)C(S)NPh] (L = S, L' = 0) . 
De reactie van de complexen (Ph P) .RML-L' ) met CO geeft (CO) (Ph P)Rh-
(L-L1), waarbij CO trans gaat zitten t.o.v. het chelaat donor atoom met de 
laagste f:ra«S-invloed. Pt(PPh ) reageert met Me NC (S) N (H)C (S) NMe en HN(Ph)-
C(S)PPh tot respectievelijk H(Ph P)Pt[Me NC (S) NC (S) NMe ] (L = S, L' = S) en 
H(Ph P)Pt[ph PC(S)NPh] (L = S, L' = P). 
Enige waargenomen trends in I.R. en Ρ N.M.R. parameters worden bespro­
ken. 
In Hoofdstuk II wordt de reactie van de Rh(I) complexen (Ph P) Rh-
[Me2NC(S)NC(S)NMe ] , (Ph P) Rh[sC(S)NMe ] en (Ph P) Rh[phNC (S) NMe ] met O tot 
1:1 zuurstof adducten beschreven. In oplossing worden trans-(Ph P) Rh(O ) -
[Me2NC(S)NC(S)NMe ] , cis- en trans-(Ph Ρ) Rh(0 ) [se(S)NMe ] en ais- en trans-
(Ph P)2Rh(02) [Ph NC(S)NMe ] waargenomen. Voor (Ph P) Rh (0 ) [phNC (S)NMe ] , wordt 
een oplosmiddel effect op de aanvankelijke cis-trans verhouding en de vormings-
snelheid van 0=PPh gevonden. ín benzeen wordt de vorming van 0=PPh1 door 
(Ph P) Rh(0 )[phNC(S)NMe ] geremd,wanneer extra PPh wordt toegevoegd. 
De reactie van (Ph^P)nRh[ph PC(S)NPh] met O in aanwezigheid van extra 
PPh , levert 0=PPh en ais-(Ph P) Rh(O )[ph Ρ(О)С(S)NPh] als enige producten op. 
Het laatste complex kan ook worden bereid, uitgaande van (Ph P) Rh[ph (0)-
C(S)NPh] en 0 2. 
Bij kamertemperatuur reageert alleen (Ph Р) Rh[phNC(S)NMe ] met H. tot 
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(Ph Ρ)9RhH [PhNC(S)NMe ] . Dit complex blijkt een katalysator in de cyclohexeen 
hydrogenering. 
'" -ioo.'dstj!· l'I wordt de reactie van Me NC(S)C1 met "IrCKPPh ) ", 
IrCl(CO)(PPh ) en IrH(CO)(PPh )- beschreven. Hierbij worden respectievelijk 
Ji-S- en tParC-IrCl (η -SCNMe ) (PPh ) , trans- [irCl (η -SCNMe ) (CO) (PPh ) j Cl" 
en ігіги8-[ігп{ц -SCNMe ) (CO) (PPh,) ] Cl gevormd (waarbij ¿ts en zcar.s de re-
latieve positie van de beide PPh groepen aangeven ) Bij de dehydrohalogenenng 
van ¿PÉWS-[lrH(n -SCNMe ) (CO) (PPh.) _] Cl door Et N worden trans-Irin -SCNMe )-
(CO) (PPh ) en het dimere [lr(M-SCNMe ) (CO) (PPh )] . gevormd. Dehydrohalogene-
nng van trans-flrHtn -SCNMe )(CO)(PPh ) ] Cl in aanwezigheid van Me NC(S)C1, 
levert het bis-(η -thiocarboxamido) complex [lr(n -SCNMe ) (CO)(PPh )] Cl op. 
In de reactie van Me NC(S)C1 met RhH(CO) (PPh,)^ treedt substitutie van 
CO op en wordt RhCl(n -SCNMe ) (PPh ) gevormd. Dit complex kon ook worden be­
reid, uitgaande van Me NC(S)Cl· en RhH(PPh ) . 
De Rontgen structuur opheldering van [ir(η -SCNMe ) (CO)(PPh )] BF 
laat zien dat beide SCNMe liganden vlak en via С en S gcoordineerd zijn, waar­
bij de bindingsafstanden en de hoeken vergelijkbaar zijn met die in andere 
2 
η -SCNMe complexen. Daar de C-Ir-S hoeken in beide IrSCNMe fragmenten klein 
o 
zijn (43 ), wordt rond het iridium een verstoorde octaednsche coordinatic-
geometrie aangetroffen. 
In Hoofdstuk IV blijken,bij de oxidatieve additie aan RhCl(PPh ) van 
de ^C-S- band m de dithiocarbamaat esters Me NC(S)-SR ( R = Me, CH Ph), de 
2 (alkyIsulfido)(thiocarboxamido) Rh(III) complexen RhCl(SR)(n -SCNMe )(PPh ). 
gevormd te worden. Oxidatieve additie аап RhCl(PPh ) en Pt(PPh ) van de ^ C-S-
band in 1,1,5,5-tetramethylthiuram monosulfide Me NC(S)-SC(S)NMe levert res­
pectievelijk de (dithiocarbamato)(thiocarboxamido) complexen RhCl[se(S)NMe ] -
9 1 
(η -SCNMe )(PPh ) en Pt[sC(S)NMe ](η -SCNMe )(PPh ) op. De analoge ^C-N- band 
breking in 1,1,5,5-tetramethyl-3-fcnyldithiobiureet,Me NC(S)-Ν(Ph)С(S)N^e , 
levert de (thioureido)(thiocarboxamido) complexen RhCl[phNC(S)NMe ](η -SCNMe )-
ι 
(PPh ) en Pt[phNC(S)NMe ](η -SCNMe )(PPh ) op. Terwijl in de reactie van RhCl-
(CO) (PPhJ met Me NC (S)-SC (S) NMe , substitutie van CO en vorming van RhCl -
[SC(S)NMe ] (η -SCNMe ) (PPh ) wordt waargenomen, wordt in de reactie van het­
zelfde molecuul met IrCl(CO)(PPh )_,C1 uit de coördinatie sfeer verdrongen 
en [lriSC(S)NMe }(i| -SCNMe ) (CO) (PPh )] Cl gevormd. 
De Rh(III) complexen RhCl[L'С(S)NMe ] (η -SCNMe ) (PPh ) (L' = Ξ, NPh) wor­
den ook verkregen door oxidatieve additie van Me NC(S)Cl aan de Rh(I) complexen 
(Ph P) R1I[L'C (S)NMe ] . Op deze manier werden ook RhCl[ph PC(S)s] (η -SCNMe )-
(PPh ) , RhCl[ph2PC(S)NPh] (η -SCNMe ) (PPh) (uitgaande van Me NC(S)Cl) en 
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Rh(SCH Ph) [phNC(S)NMe ] (η -SCNMe2)(PPh (uitgaande van Me NC (S) SCH^Ph)) gesyn­
thetiseerd. 
2 
Bi] de insertie van CS in de Rh-SR band in RhCl(SR)(η -SCNMe.)(PPh ) 
worden de (alkyltnthiocarbonato) (thiocarboxamido) Rh(III) complexen RhCl-
'У 1 
[SC(S)SR] (η -SCNMe ) (PPh ) (R = Me, CH Ph) gevormd. Η N.M.R. studies laten 
zien dat in deze reactie reductieve eliminatie van Me NC(S)SR optreedt als 
2 
nevenreactie. Bi] de reactie van RhCl(SCH Ph)(η -SCNMe )(PPh.). met CO, wordt 
ook reductieve eliminatie van Me NC(S)SCH Ph waargenomen, resulterend in RhCl-
(CO)(PPh )„. Vergelijkbare reductieve eliminaties worden waargenomen voor 
Rh (SCH Ph) [phNC(S)NMe2] (η -SCNMe2) (PPh3) . 
De moleculaire structuren van RhClfb'С(Ξ)NMe.](η -SCNMe.)(PPh.) met 
L' = S en NPh zijn beide opgehelderd d.m.v. Röntgen structuur analyse. De bin-
2 
ding in het η -SCNMe ligand wordt besproken en vergeleken met die in S/S ge­
coördineerd SC(S)NMe-. Een algemene afname van ν(CE) (E = exocyclisch donor 
atoom) wordt waargenomen, gaande van de C,S-gecoordineerde pseudo-alleen li-
ganden (M-S-C=E) naar de daarmee overeenkomende S,S-gecoordineerde pseudo-
allyl liganden (S-M-S-C=E)/ en wordt toegeschreven aan een geringere datieve 
N-^C π interactie in de laatste groep van liganden. 
In Hoofdstuk V wordt de reactie van RhCl(PPh ) met de cyclische disul­
fides hexachloronaftaleen-1,8-disulfide (Ξ С Cl ), 4-fenyl-l,2-dithiolium 
2 1U o 
chloride ([не(S)С(Ph)С(S)HJCI) en 3,5-bis(dimethylamino)-1,2,4-dithiazolium 
chloride ([Me NC(S)NC(S)NMe.]Cl) beschreven. Deze resulteert, via oxidatieve 
additie van de S-S band, m respectievelijk de complexen RhCKS-C Cl,) (PPh ) , 
RhCl2[HC(S)C(Ph)C(S)H] (PPh ) 2 en RhCl^Me^C (Ξ) NC (Ξ) NMe2] (PPh3) . 
In de reactie van Pt(PPh ) met [не (s) С (Ph) С (S) н] Cl wordt geen (ß-dithio-
ketonato)-Pt(II) complex gevormd, maar cis-PtCl (PPh ) . De reactie van Pt(PPh ) 
met [Me NC(S)NC(S)NMe„]Cl is afhankelijk van het oplosmiddel: in chloroform 
wordt [pt{Me NC(S)NC(S)NMe } (PPh ) ]cl en in benzeen wordt Pt [ме NC (S) NC (S)NMe ]-
Cl(PPh ) gevormd. 
Bi] de reactie van 3,5-bis(dimethyliminium)-1,2,4-trithiolane dibromide 
[Me NC (S) SC (S) NMe ] Br met RhCKPPh ) , geven H N.M.R. en Ρ N.M.R. studies 
in situ aan,dat Ph P=S, Me NC(S)Cl, de dithiocarbamato complexen RhXY[SC(S)NMe ]-
(PPh ). (XY = BrBr en BrCl) en het thiocarboxamido complex RhXY(n -SCNMe.) (PPh..) . 
(XY = Br óf BrCl óf CIBr) gevormd worden. In de analoge reacties met Pt(PPh ) , 
wordt het dithiocarbamato complex [pt{sc(S)NMe }(PPh ) ]Br gevormd. De waarge-
nomen produkt vorming in de laatste twee reacties geeft aan dat zowel -S-S-
als ^C-S band breking optreedt. 
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